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ABSTRACT

The objective of this study was to determine the chemical,
physical and phenological factors iInfluencing the patterns of
utilization experienced by diffsrent species of woody plants and

forbs by browsing ungulates.

Field work was carried out in the Nylsvley Nature Resecrve.
Qbservations were made on hand-reared kudus, impalas and goats
ranging freely in a 213 hectare enclosure. The feeding behaviour
of a focal animal was recorded verbally on a tape-recorder, while
the plants available were recorded along the path of movement of
this animal. Plant samples were analysed quantitatively for
nutrients, fibre constituents and polyphenols, and for the
presence or absence of potential toxins, using standard
technigues. The acceptance of plant species was assessed by the
ratio number of plants eaten / number encountered. Statistical
procedures entailed least squares correlations for single factors,

principal Components i “iscriminant Function analyses.

The following correlations between acceptance and chemical

factors were found:-

1. For woody plants there was no significant correlation with leaf
nitrogen, except for kudus for the early growing season.

2. The only correlations with mineral nutrients were for
phosphorus for kudus in the early growing season and for

magnesium for all the animals in the dry season.
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one nutrient rich species dominated the correlations for forbs,
otherwise there were no significant correlations with
nutcients,

4. Thete were ro significant correlations with fibce components,
except for a negative relatfonship with NDF and ADF for kudus

in the late dcy season.

w

. There were no correlations with total polyphenols apact foum a
weak positive corcelation foc impalas.
6. Overall cocrelations with condensed tannins were not

significant, but all plants containing more than 5%

fun showed low p
7, Mo influence by plant toxins was detected.
Acceptances werg not correlated to bite sizes or rates of food

intake achieved.

Piscciminant Function analysis distinguished between preferred
and ron-preferced woody plants on the basis of nitregen plus

condensed tannin contents. The f£icst Principal Components axis was
based on concentrations of nutcients versus fibre and condensed

tannins. ; o

Findings suggest that high contents of condensed tannins, but Tw

not other polyphenols, are a feeding detecrent, with nutrient and
£ibce concentrations being of secondary importance. Structural
deterrents modify food preference by limiting intake rates. The
functional effect of condensed tannins {s postulated to be to .
restrict wicroblal fermentation of cell wall tissues. Thus, 193
through the effect on the symbiotic microflora In the cumen, plant
gpecies rich in condensed tannins may be of low digestibility to

ruminant browsers.
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PREFACE e

Previous studies on the utilization of vegetation by large
ungulates have comnonly focussed on the selection of plapt species i o
without considering the underlying factors governing this Pl %]

selection. Whera plant chemistey has been consideced, the scope

has been restcicted bo contents of crude protein and some of the

mineral nutrients, Mo previous study in Southern Africa has

covered the complete range of nutrlent, £ibre and secondacy
chewmical concentrations in plant tissues that could influence ¢

patterns of food selection, nor have the effects of physical

structures such as thocns been considered quantitatively,

This study was carcied out undec the auspices of the South b s
Afcican Savanna Ecosystem Project. From an ecosystem pecspective
the need was to understand the factors conrcolling the consumption

of pacticular vegetation componénts by large hecbivores. The study

was undectaken with a companion project by R.N. Owen-8mith
investigating the diet selaction strategies of ungulates in

response to vegetation conditions.

The purpose of this study was thus to cecord the pattecns of

selection of particulac vegetation components by representative

species of ungulate, and to relate measures of food preference for
pacticulac species to the chemical and physical properties of oL

these species. ;
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LIST OF ABBREVIATIONS

Theough out the thesis the following abbreviations are used on the

figures to denote plant species names:—

1. Woody Plants

AN = Acacia nilotics

AT = Acacla tortilis

BA = Burkea africana

M = Combretum molle

DC = Dichrostachys cinecrea
DR = Dombeya rotundifolia
EN = Euclea natalensis

GF = Grewia f£lavescens

0P = Ochna puichra

PA = Peltophorum afcicanum
RL = Rhus leptodictya

8P = Strychnos pungens

T8 = Terminalia sericea

VR = Vitex rehmannii

2. Forbs

EA = Bvolvulus alsinoides
HS = Hermannia grisea

IM = Indigofeca macca

JF = Justicfa &lava

O = Oldenlandia nerbacea
PO = Pollichia campestris
8I = Gida cordifolia

§0 = Solanum panducaeforme
TF = Tephrosia forbesii
WI = Waltheria indica
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CHAPTER 1. y i{
INTRODUCTION o7
i
rtarge herbivores appear to be surrounded by a superabundance of ,L

food, yet only a small fraction of the dicotyledonous browse is "
eater;,, and even then the use of browse species varies seasonally.
This study was initiated in order to discover what chemical and H

structucal attributes of a plant determine whether or not it is

eaten by browsing ungulates.

Browse plants contain not only nuktrients and fibre, but also a

diverse array of dacy e These dg were so 2
named because no primary metabolic funct ‘n could be attributed to

them (Sachs 1875, Praenkel 1959). Numerous physiclogical functions

have been suggested for these compounds (Seigler & Price 1976,

Chew & Rodman 1979), but many plant secondary compounds appeac to

have an ecological role in defending the plant against attack by

pathogens and herbivoras (Rosenthal & Janzen 1974).

It has been suggested that the chemical defences of plants

evolved primurily against microbial pathogens and imsects, the

vertebrate herbivores Leing innocent victims of this evolutionacy

"arms war" (Janzen 1978). However In ecosystems such as savannas,
where the browsing pressure Erom vertebrates is historically high,
plants are likely to have evolved defences directed at vertebrate

hecbivores (Brown 1968, Janzen 1978).

e - i .



Whether or not plant defences are directly aimed at lacge
herbivores the animals must still evolve methods of circumventing
these defences, either through avoidance or detoxification, if

they are to sucvive.

Many studles desccibe the species selection of browsing
mamwals in specific habitats but without investigating the
underlying reasons for the selectivity of feeding observed. The
work that has been done on plant chemistry in celation to species
selection by beowsers has mainly consideced non-ruminant animals
such as hares {(Bryant 1981, Sinclalc & Suith 1984) and primates
(Milton 1975, Oates et, al. 1988, Glander 1981). The only studies
on ruminant browsers consider deer in nocth Amecica (Radwan &
Crouch 1974, vangilder et. al. 1982) and caribou in Alaska

(Kucopat & Bryant 1968).

The number and diversity of ruminant beowsers is greatec in
Africa than on any other continent but, as yet, there has been no
detailed investigation of the chemical and structucal attributes
of the plants which may be responsible foc detsrwining the
consumption of browse plants by both wild and domesticated

browsing unguiates in Afefca (Bell 1982).

In this study it is hoped to determine the nutritive and
defensive characteristics of selected savanna plants and relate
these to the degcee snd pattern of utilisation of these plants by

common species of browsing ungulates.
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As a basis for the study three major hypotheses wece developed
from the curcent practical and theoretical literature on the

subject,

The hypotheses underlying this study ace:~

1. Browse plants employ chemical and / or structural deterrents
against herblvory, The chemical defences fall into two
categories, digestlon-reducing substances such as tannins,
which are Found mainly in the mature foliage of woody plants,
while forbs and new leaves tend to be defended by toxins such
as alkaloids, Plants utilising structural detercents, often

thorne or spines, possess less chemical defences (Feeny 1976,

Rhoades & Cates 1976). D

2. Hecbivores gselect plant species to maximise their nutrient |
intake and minimise the intake of defensive chemicals. Large ; ,
herbivores exert careful selection not only for plant species !
but for plant parts of specific phenological states. This ;
seleckion may be relaxed under conditons of low food

availability (Westoby 1974, Kuropat & Bryant 1580}.
3. Pure browsers may be more able to cope with plant defence
chemicals than mixed feeders which preferentially eat grass.

Alien ungulates might be more sensitive to the effects of

their presence than animals which have evolved with the

i
[
|

defences of indigenous browse plants and less able to detect i '
y |
i
|




vegetation (Arnold & Hill 1972, Laycock 1978).

In order to test these hypotheses the following key questions

ware asked:-

1. What {s the celative {mportance of the following sets of
: K factors in controlling the degree and timing of conswaption of
; different species of woody plants and Eorbs?

: i, Nutcient concentrations

“a, 11, Structural deterrents

. iii. Chemical deterrents.

2. Mow do different species of browsing ungulates vacy in their

response to these features?

Thre¢ common species of ungulates were chosen to represent

examples from a pure browser to a preferential grazecr capable of

extensive utilisation of browse. The animals also represent

indigenous and alien, domesticated browsers. The animal species

chosen ware:-

1. The greater kudu (Tragelaphus strepsiceros strepsiceros

Pallas). 7This is a large browsing ungulate ofF 186 - 388 Kg in
E ® welght, widely distributed throughout Africa from the Cape in
the South to Somalla in the North (Dorst & Dandelot 197¢).
Kudus are specialist browsers and occur in a variety of

habitats from woodlands to shrub savannas in both moist and

arid reglons (Pienaar 1974).
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2. The Impalas (hepyceros melampus melampus Lichenstein) is a i u
mediuwm sized antelope of 48 - 55 Kg. This is a mixed : ’i

grazer-browsec  showing a preference for green grass (Monro

« 1979}, Impalas occur over large areas of eastern and southern
Africa in falrly open wooded savannas, and show a preference
for ecotones, short gcass areas and disturbed sites (Dasman &

1 Mossman 1962, Jacman & Jarman 1974, Hirst 1975, leuthold 1978).

3. The boer goat {(Capra hirfus) is a comwon meat producing breed

in Seuthern Africa, and is better adapted to the climate of the

bushveld than are the wohalr producing angora goats facmed in

i the more arid regions (Donaldson 1979). Goats are mixed feeders

capable of uwtilising both grass and browse. The young females
uvsed in this study wece of the "improved" boer goat breed and
weighed between 30 and 35 Kg each.

o There atu two majoc types of savannas in Southern Africa. The

broad leaf tall tree savannas and woodlands and the microphyllous

short tree Savannds, These bwo forms mix In a mosajc due to

edaphic factors such as soll nutrient status (Huntly 1878).

This study was undertaken at the South African Bavanna

Ecasystem Project Study Site in the Nylsvley Nature Reserve where

z the mosaic was fine enough for both types of savannas to be
encompassed within the small ares of the enclosure in which the

tame animals were kept.




CONPTER 2.

DESCRIPTION OF THE STUDY AREA

2.1. Location of the Study Site

This study was conducted at the South African Savanna Ecosystem
project study site within the Nylsvley wdature Reserve in the
northern Transvaal.{Latitude 24'29's, longtitude 28'42°E). The

resetve is 3128 ha in extent and lies 1€ ki South of Naboomsprult.

The SASEP study area covera an area of 745 ha to the south of
the Nyl River floodplain (Huntley 1978). The southeastern cornmer
of which was game-fenced to form a 213 ha enclosure in which the

animals used in this study were kept, (Fig. 2.1.)

2.2. An Introduction to Savannas

Savannas occur between the equatorlal rainforests and the
semi~deserts of Africa, RAustralia and South America. The term
savanna encompasses a range of vegetation types from closed
woodlands with an understorey of grass, through open savanna
woodlands as are Found at Nylsvley, to treeless edaphic
grasslands. In all cases the herbaceous layer 1s dominated by the

€4 grasses.

Savannas cover 65% of the African continent. Southern african
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savannas can be divided into two main groups. The broad leaf
savannas which occur on dystrophic soils, and the microphyllous
savannas which are Eound In more eutrophic areas. These two major
savanna types way co-exist In a mosaic, as is Eound at Nylsviey,
due to small scale differences in the so0il nutrient status

{Huntley & Walker 1982).

2.3, Geomorphology and Soils

The SASEP study area lies at 1198 m above sea level, sloping
northwestwards to  approximately 3323 m on the Nyl River
fleodplain, The topography is flat to gently sloping. The slope

carely exceeds two degrees.

The soils acre modecrately shallow to deep, well-drained and
highly leached, non-calcaceous, Sandy soils of the Clovelly and
Hutton Fforms derived Erom the sandstones, conglomerates and grits

of the Waterberg system. Avallable phosphorus levels are generally

2-3 ppm, although small areas with d nitcogen, horus

and potassium content, occur at sites thought to be previously

occupied by native settlements (Harmse 1977).

2.4, Climate

The climate is typlcal of most savanna areas in South Africa,
Meteorological records over the last 4¢ years indicate that the
climate comprises a hot, wet season lasting Erom November unt{l

March during which 79% of the mean annual precipitation of 63¢ mm
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Table 2,1. Monthly Rainfall (me.) Measured at Nylsvley

Month
Janvary
Febuary
Marth
April
ay

June
July
August
September
october
November
Decembec

over the Period 1980 to 1983

1980

0.8
54.9
18.1

155.5
67.8

1981
185.3
33.7
41.2
23.3
2.9
0.0
0.9
12.8
13.0
34.7
68.2
3.5

1982
157.8
54.2
36.6
48.9
11.5
a.8

a.8
4.0
46.6
39.9
92,7

1983
87.9
47.8
185.5
53.1
2.6
13.4
8.3
15.7
a.e
28.9
230.4
58.1

ks




falls, From late April to the end of A-,ust it is mild and dry,
with ground frosts occuring on appro-.umatly 28 days. While
September and October are generaliy hot and dry. As in most
savanna cegions the ralnfall is ecratic and mid-suwmer droughts

are Frequent {Huntley 1978).

The annual precipitation during the time of this study was
below average (Table 2,1.). From July to June the annual rainfall
in the year 1988-81 was 583 mm. The following two years were
drier, receiving 3just under 5¢8 mm. In 1981 the ficst good rains
£ell in Seprember. In the following two years the Jirst
significant rains did not Fall until Cotober, but wore rain fell
in April at the end of the wet season, thus slightly extending the

season of plant growth,

2.5, Vegetation

The study area is located in an area of mixed, deciduous bushveld
(Acocks 1954 Veld type 18, Blankenveld). The main plant community
is Burkea afrigana ~ Braurostis paliens deciduous broadleaf
savanna woodland. This savanna shows similar Floristic,
physiognomic and faunal characteristics to the dystrophic savannas
of the central and southecrn African plateaux. Nylsvley is situated

at the southern limit of thls savanna type.

The woody component of Burkea savanna comprises of clumps of

trees of up to 12 m height interdispersed between grass and

shrubs. The dominant trees are Burkea africana, Terminalia

i

|
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secicea, oOchna pulchra and Combretum molle, while the dominant

shrubs are Grewia flavescens and Ochna pulchra (Coetzee et. al,

1977). The canopy cover of the woody component averages 27.5% {(van

Rooyen & Theron 1977).

small patches of microphyllous Acagia short tree savanna occur

on sites of abandoned native settlements where the soil is

enciched particularly with phosphorus. This savanna is dominated

by thorn trees of 2 - § m height, in pacticular Acacia niletica,

Acgela bockilis and pichrostachys cinerea. The transition between

the Acagia patches and the Burkea savanna is often macked by
Beleryocacya caffry trees. The Acacia savanpa is more open than
the Burkea savanna, having a canopy cover of 15% (Coetzee et, al.

1977).

The Field layer of the Burkea savanna (s dominated by the

s and Digitaria eciantha in the open

grasses Bragcostis pal
areas and Panicum maximum in the shaded areas. The field layer
cover {s 15 - 65% and the ccver of leaf litter 5 - 18%. Braqroatis

Eleld layer covec vacies fcom 25 ~ 95% (Coetzee et. al. 1977).

An  Indication of the plant species diversity is obtained from
gsampling in 1979 (whittaker & Mocris unpubl,}. An average of
twelve plant species per m2 was found in belt transects through

Burkea savanna and onlv five species per m2 in the Acagia patchers,

From aecrial photographs taken in 1974 it is calculated that

‘o ' i B

e e
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the Acacia savanna covers only 8% of the area in which this study

was conducted,

2.6. Animal populations

prior to beiny declared a nature reserve the farm of Nylsvley was
estimated to contain 15@-50¢ impalas, and 46-1@¢ kudus in addition
to duikers, steenlok, S@-169 warthoys and 8 reedbuck (Coetzee et,
al. 1977). Kudus and impalas have cemalned the most numerous
species of ungulates in the resecrve. In 198¢ when this study began
the reserve contained approximately 109 kudus and 780 fmpalas.
Over the Cfollawing three years the kudu population has cemained
fairly stable but the impalas have been reduced to 388 through
culling. Species formerly present in the area were re-intcoduced
to the reserve and the present ungulate population consists of 11
giraffe, and approximately 260 grazi.g ungulates including zebra,
wildebeeste, roan antelope, waterbuck, reedbuck and tsessebe.

Numerous duaiker, steenbok and smaller herbivores also ocour,

2.7. Management History

In the fifty years prior to becomming a provincial nature reserve
in 1974 nylsvley had been managed as a cattle ranch with 78¢-508
head of cattle, Up to 380 cattle were grazed in the study arec foc
the four wmonths of January to April. The presence of the highly
poisonous woody geophyte, Dichapetalun oymostm, made longer

grazing periods impractical. Cattle were also run n the study

area during these months in 1975-1975 (Huntley 1978), and 20 head
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of cattle were introduced Into the 213 ha enclosure foc one month
in Macch 1981 in order to remove the moribund grass which was

constituting a Eire hazard,

As a ranch Nylsvley was not burned intentlonally. Accidental
fires occurred at {cregular intervals and it is estimated that
approximately half the study area was burned once in five years
{Coetzee et, al., 1977). Within the 213 ha enclosure the western
half was burned in September 1978 and the remainder in 1979.
Roadside £ire breaks wece burned every year, but other than this

the enclosure was not burned ducing the study peciod.

S - .
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CHAPTER 3.

THE REARING AND TAMING OF BROWSING UNGULATES FOR FEEDING STUDLES

3.1, Age and Origin of the Animals Used in this Study

gight impala lambs, aged between two and ten days old, were
captured at Nylsvley Natuce Reserve In December 1979, Three
impalas of similac age were brought in from neacby farmland. The
group initially consisted of seven males and four females, but
unfortunatly one male broke its neck in the fence when the group
was panicked, probably by a stray dog in the reserve. One male
impala had been ralsed from bicth as a pet and was consequentially
impcinted on hunans, As a lamb he fled towards humans when
frightened and dicected his play behaviour towards them. However
when unaware of the presence of humans he interacted apparently
normally with the other impalas. Unfocrtunatly this animal and one
other male died of injuries sustained while fighting with other

impalas in March 1982 and October 1981 respectively,

The six kudus were acquiced between Apeil 1979 and July 1981.
All but one were estimated to be about two months old on arcival.
The Efrst two calves came Erom the Nylsviey reglon. An injuced
male calf was brought in from a nearby faem in April 1979 having
been mauled by dogs. This animal suffeced the loss of an eye and
extensive lacerations to the face and neck so was of no use for

feeding observations. Instead he carcied the radio-collar




necessary for locating the group, as this slid up and down the
neck of the animal and may have interfered with the natural
feeding behaviour. A £ive month old female was caught at Nylsvley
in April 1979. fThe kudus acquired later came fcom Tranavaal
bushveld areas, A temale calf was purchased from a game farm at
Thabazimbi {n March 1981. Finally three calves, two males and a

female, came from toskop Dam Nature Reserve in July 1981.

Five femals boer goats were purchased, when just weaned, from
a nearby famn in July 1984. The boer goat is jrimacily a meat
breed used by Earmers in bushveld regions,

3.2. Housing

The animals were housed in single species Yroups in 8 x 12m pens
iined with hessian and padded with thatching grags to prevent the
animals from damaging themselves or belng disturbed by actlvities
outside the pens. Bach pen contained a shed in which the animals
were put at night. Four interconnecting pens were available and
the animals were moved to a fresh pen every third day to prevent
the build up of disease organisms, pacticularly coccidiosis, in
the soil, Strict hyglene was observed at all times and no animals

vere lost due to digease.

3,3, Rearing and weaning on to Plant Food

The animals received powdered baby milk enriched with vitamins.

The impalas and the four youngecr kudus were bottle fed, while the




injured calf and the oldest kudu drank their milk from buckets

which were eventually hand held.

A continuous supply of cut branches of indigenous woody
plants, hung on the pen walls, was always available to the animals
and buckets of forbs were supplied, (Frost 1981). Once the animals
had bocome tame enough to be guided in and out of the pens without
stress they were allowed out in to a two hectare paddock of
indigenous vegetation during the daytime. Taming to this level
took one month for the Impalas and two months for the kudus,
Supplementacy feeding was by "Epol" antelope cubes (see appendix 1
for composition) and fresh watecr was always available, The impalas
cecelved a dose of rumen £luid Erom a culled impala and to ensure
that they had the micreflora to digest the vegetation, the kudus
were older when caught and were presumed to have been inocculated
naturally, The impalas were fully weaned at six months and the

kudus at eight months,

3.4, Training

The animals wuce subjected to human contact £ -« several hours a
day. Initially a technician sat quietly in the pen then, after two
or three days, began to move acound. Eventually the animals came
to tolerate small groups of people walking around and talking in
the pens. The kudu caught at five months old remained necrvous of
strangers, especlally men, All the animals came readily to the
sound of a few antelope cubes rattled in a bucket, “he impalas

also came to & voice call. Once weaned the animals were

- ~ i,
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occasionally given a handful of antelope cubes to keep them tame,
but no feeding was allowed for at least two days before thelir

feeding wa. . wcorded.

Ocnce weaned the anlmals vere moved to a 213 hectace enciosure

in the stud: 3. This enclosucre was bounded by & ten foot wire

fence, the lower half of which was wade of mash to prevent the
tame Impalas from gerting out and wild animals Erom entering. This
was not entirely sucessful so additional strands of wire were | .
added, Tne fence also falled to isolate the kudus from the wild “ )

population as both tame and wild kudus occasin  ly jumped over it.

Thece was a four hectare enclosure within the main enclosuce

incorporating a 16 % 18 m hessian lined pen with a leopard-proof ‘ « | :

overnight shed €£oc the goats. Two water dams were available, one

sa -

within the four hectare enclosure and another just outside it. as
in the reserve a salt 1lick was available for the animals (see .

appendix 2 for the mineral composition of the lick).

The impalas and goats wecre transported to the study area in
June and July 1980 respectively. The impalas were transpocted by

crate but the kudus had to be {mmobilised for the move, The ¢ldest B

female and the injured mule were transpocted in Februacy 1981, the

second female in Septembecr and the last three in November 1981.

The animals were initially relessed into the four ba enclosure to i ‘ .

ensure that they had not suffered any injury during the move.
Afte: two weeks the animals were released into the main enclosure. L
Prior to the onset of data collection the animals were followed in

mock trials whilst feeding until they ignored the observers and




learne? to step over the string rather than becoming entangled in

it.

3.5. The Experimental Animals at the Time of the Study

When data collection began the animals were all weaned and had
been 1iving fresly in the study enclosure for at least two months.
This ensured that the)y were familiar with the enclosure and that
the rumen microfiors was fully adapted to the diet (van Soest

1983)

At the initiation of flw study in Decewver 1988 the five
female boec goats were 12 months old, These animals had no fear of
humans and could be handled freely even while feeding. Following
the losn of one goat to a leopard, only two months after the
initiation of data collection, the goats were kept in a shed at

night with a handful of antelope cubes to lure them inside.

1t: ten impalas were also 12 months old when flrst used for
feeding obsecvations. The group comprised four females and six
males, Four of the impalas would feed from the hand and all were
undisturbed when feeding by the presence of humans at a distance
of two to three metres, IE the ohserver came too close the impala
would give a warning "hiccup" but did not stop feeding. One impala
was imprinted on humans, seeking out their company in preference
to that of impalas. Although the foraging patterns of this animal
may have been influenced by his desire to remain close to the

observer he was Invaluable for observations on the fine details of

i
1




feeding behaviour, The remainder of the group showed no social
behaviour to people, They redcted normally to other animals. At
the age of 18 months the four female impalas joined a group of
wild impalas in the 213 hectare enclosure and were consequently
lost to the project. Thuy conceived during their first breeding
season and sucessfully raised their young. On reaching maturity
one of the tame males displaced the wild ram from the group of
impalas including che tame females and became the deminant male,
All the impalas have remained unafraid of humans and even two
years after the cession of the £ield studies will leave the wild

herd and come to me when called.

The kudus were not available for study until September 198).
Initially the group consisted of two females of 12 and 18 months
old, These were joined three months later by two males and one
female of ten months old. ALl the kudus ate from my hand and could
be observed from a distance of two to Elve metres when feeding.
The oldest female remained wary of the presence of humans while
she was feeding and some days would constantly drift away from the
observer, Similarly if the observer Failed to see a kudu behind a
bush and came too clome the whole group would move away hut soon
resuned feeding. Like the Impalas, the xwdus remained tame
throughout the study. Simi{larly they showed no soclal behaviour
towards humans. During the breeding season the females bred with
wild kudu bulls which jumped into the enclosure. The calves born

1y were reared lly by their mothers.

The goats, being domest.icated animals, soon bocame completely
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tame and the only thing the observer had to beware of was getting
so close as to restrict the goat's choise of movement in one

direction,

3.6. Use of the Enclosure by the Animals

The kudu ranged over the whole of the enclosure. Theic stocking
density was 2.8 km-2 which {s similar to that of the natural kudu

population in the Nylsvley Nature Reserve,

In addition to the tame impalas there was a small herd of wild
impalas in the enclosure. The stocking density of impalas was 18
km-2 in the enclosure and 13 km-2 in the ceserve. Initially the
tame animals used the whole enclosure but when they were 18 months
01d the females joined the wild herd and the young males tended to
be restricted by the herd ram to an area of 38 ha. on the westerp
side, although they still used the rest of the enclosure falrly

frequently, especlally in the late dry season.

The four goats restricted themselves to an ares of 18 ha.
around thelr overnight shed, rarely extending their range even in
the dry season when they had depleted the preferred browse in

their home area.

3.7. The Effect of Taming on the Food Selection of Wild Animals

An obvious question to be asked 2jont the use of tame animals for

feeding studies Is how representative of the wild population are




they? Studies on both livestock and hand~reared game species
indicate that foraging behaviour is a combination of innate
behaviour and learned responses (Arnold 1964 a & b, Leuthold 1971,

Neff 1974, Frost 1981, Bartmann & Carpenter 1982).

The impalas used in this study were captured before they had
any experience of browsing, but the kudus were between two and

five months old so were already eating browse when caught.

At the age of two or three weeks the impalas were presented
with branches of 48 species of indigenous browse plants to which
their responses were recorded {Frost 1981}. They rejected all the
plants not eaten by the wild popuiation at that time of vxar, plus

four species which were edible, including Grewia £lavescens which

became one of their principal food plants when they were weaned.
In the dry season, when the impalas were si. months old, they
began to eat many of the previously rejected species since the
favoured browse was sparse. The same behaviour was seen in the

wild population.

Leuthold (1971} found the same pattecns with hand-reaced
lesser kudu and gerenuk. Both Initially refused all the paturally
rejected species plus a few others, some of which were important
food plants to the wild animals. The gerenuk ate a few species
eaten by the lesser kudu but not by wild gerenuk, indicating
learning by imitation. The animals used in this study did not have
older animals to Imitate but were raised in single species groups

so could not be influenced by the Eeeding behaviour of different

o



species,

Preweaning experience of the vegetation has an important
effect on food selection. Arnold (1964b) showed that grazing
experience in the first three months of life atfects the
selection of unpalatable plants by sheep, but this effect is
overcome in one month. Similarly pen reared lambs took one week to
learn to graze as selectively as fleld reared lamhs and 13 weeks

to achieve a comparable intake rate (Arnold 1964a).

Bartmann and Carpenter (1982) cautioned that animals used for
feeding studies must be preconditioned to the habitat. Mule deer
in a novel habitat ate less species and showed more variability

than deer of the same age which were raised In that acea.

To allow for these factors the animals i.ed in this study were
always supplied with freshly cut branches of the local vegetation
and buckets of forbs. Two monthg after capture they were allowed
access to a two hectare paddock of Indigenous vegetation during
the day., The animals were transported to the study area when
weaned and allowed two months to adapt to the vegetation and
familiarise themselves with the area before feeding observatiorn.

were taken,

Supplementary feeding by “Bpol" antelope cubes was necessary
when the animals were in the rearing pens and small quantities
were occasionally given to the weaned animals to reinforce thelr

tameness. Feeding was not allowed for at least two days before
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feeding observatinns were carried out, even though Reglin et. al.
(1976) have shown that supplementary feeding had little effect on a ‘

the selection of common species by mule deer.

Frequently the wmale animals used in feeding studies are
castrated, This may wnhance the safety of the researcher but such
animals are not typical of the wild population. Consequently the
male antelope used in this study were all left entire. No problems

were encountered with these animals, although the impcinted male

impala may have become a nulsance had he lived to full matucity,

Individual differences in food selection are frequently
reported (Arnold 1964a, Willms & McLean 1978, Bartmann & Carpenter
1982). Therefore a minimum of five animals of each species was

obtalned for this study.

The use of sub-adult animals in this study may have had some

affect on food selection as the wild populatisn is typically a

mixture of ages, but as the aim of this project is to identify the

plant factors influencing diet selection by the three different

animal species this fact that all the animals are sub-adult ls,

hopefully, not too serious.

The animals in the enclosure were stocked at similac densities

to those in the resetve to ensure that they do not subsist only on
the preferced food items but also suffer some nutcitional stress L

i in the dry season. A loss of body condition was observed in the - o

a tame animals during the late dry season indicating that, like the
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wild population, they were under some nutritional stress at this ; ‘e

tine of year.

Minor differences may occur in the feeding behaviour of
animals in a small group rather than a hard due to less frequent
social interations. If this does occur it will be more serious for
the impalas and goats than the kudus which do not naturally occur

in large berds.




CHAPTER 4.

PLANT SPECIES SELECTION BY BROWSING UNGULAT?S

4.1, INTRODUCTION

Herbivores often appeac to be surrounded by a super-aburdiance of

potential food. ipbwaver wuch of this plant material is not

suitable as food to the animals due to low nutcient centents,

difficulty of access, and the presence of plant defence chemicals
Geletecious to the fitness of the herbivore, Hence the herbivore
must be selective in its utilisation of plant material if it is to

[S93 obtain an adequate diet,

The use of the various terms in feeding studies is presently

E rather flexible. To avoid further confusion these tecms must be

. clearly defined as they will be Interpreved in this study. The

BBUNCANCE of & potentlal dietary component is defined as the total

LA quantity of that compoaent in the habitat, and is independent of oL

the animal consumer. The AVAILABILITY of a component defines that
portion of the total which 1a accessible to the consumer, e.g.
’ within its height reach. The UTILISATION is the quantity of a

component which is consumed iy the animal in a fixed pericd of

time, If dietary intake differs from availability in the relative

proportions of components, SELECTION has occurred. PREFERENCE is a

term creserved for selection by the animal and its active h

behavioural cholce. It refiects the relative likelihood of a 1'”
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component  being eaten 1f offered at the same time as others. In
theory components can be ranked from most preferred, or favoured,
to least preferred. REJECTED components are those which ace
never, or very carely, eaten, Preference is frequently claimed to

be independent of aveilability but is genmerally defined by

reference to the choice made at squal availabilities. ACCEPTANCE
measures the frequency with which a component is eaten if it is
encountered.  PALATABILITY rcefers to the characteristics or

conditions of a food component inEluencing its likelihood of being

eaten by the consumer (Heady 1964, Johnson 1988).

The intercelationships between animal populations and their

food supplies are impoctant in animal nutrition and ecosystem

“ management as well as in theoretical ecclogy. Plants differ In
J their nuteitional value to herbivores. Natural selection is
assumed to ultimately Eavour those individual animals that select

a diet that conveys the maximum net benefit (Lacher et. al. 1982).

such a diet must contain adequate nutrients and the minimum of

deleterious plant secondary compounds. The patterns of food
selectfon exhibited by herbivores control the contribution of a

plant species to the nutrition of the animal.

¥ The varying degrees of herbivory experienced by different
plant species within a community may ultimately alter the species
D composition of that community by the suppression of heavily
utilised food species. The patterns of food selection exhiblted by

a hecbivore population can be placed in a functional model linking

the habltat to population performance. Most theoretical models of
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foraging have besn designed with carnivores in mind, Ffor

herbivores the pursult and catching times are largely ircelevant,

but there are constraints inherent in the time taken to digest the

plant material Jue te the large quantities which must be processed

in ordec to obtain a sufficient intake uf nutrients. There is also

more variation in the guality of the items making up the diet of

& herbivoces than carnivores (Owen~Smith & DNovellie 1982). With : i
i 2

these diffecences in mind several models of herbivore foraging ace (

available, all of which require a knowledge of the herbivores food

preferences before they can be applied to natucal systems. :

food selection by large gensralist herbivores has been

measured using a variety of techniques.

> a. Dietary Proportions.

Studies on the relative proportions of plant species and parts in

the dlet reveal the contribution that different components make to
gug the animalfs nutrition, Principal foods are those two or three
ﬁ b components which form the largest fraction of the diet (Petrides
[ 1975). These components provide the bulk of the animal's

. nutritional intake. Howsver species which are rare in the diet may

provide some vital factor in the nutcition of the snimal. A Y \ {

P preferced food species is one which 1s relatively more abundant in Jo h
the diet than it is in the avallable environment (Petcides 1975), &‘
The contribution a plant species makes to the overail diet of a ‘ .
herbivore is influenced by the availablility of that species in the B ”i
1
i

!

' habitat. RHighly preferred, but rare, species can only form & small !
|
[
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part of the diet, while less prefecred, but common, species can
make a larger contribution to the diet. Henc: » principal food
species may be less preferred than many of the carer species which
are not abundant enough to rcank highly In the diet {Petrides

1975) .

b. Selectivity ratio.

The selectivity ravio, forage ratio, ocr electivity, is a measure
of preference, whereby the use of food types (ci) in celation to
their availability in the environment (pi) is measured, Foods that
constitute a larger proportion of the diet than of the available
food are sald to be preferred, while those which ace
underrepresented {n the dlet relative to thelc availability in the
envitonment are sald to be avolded. A focd is sald to be eaten at
random 1f lts propoction in the diet equals its proportion in the

environment {Petrides 1975, pyke et. al. 1977, Lechowitz 1982).

The ideal selection ratlo for herbivores must:-

i, include multiple food types,

ii. not be influenced by the abundance of other food types,

iii. have a symmetrical and f£inite scale centred on zero,

iv, change linearly ovec the full range of values for utilisation
and availability.

v. Dbe statistically testable,

vi, not be too sensitive to sampling ecrors.

No one thod of determining preferance satisfles all these
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criteria (Cock 1978, Johnson 1988, Lechowitz 1982). Ty

Many wodels of preferrence are limited to the twe prey case.
{Loehle & Rittenhouse 1982). Cock {1978) states that these models
can  be extended by pooling 511 prey types exceph type 1 into type 3

2, then treating as a 2 prey {ndex. This is not tenable unless the FO

pooled prey are all equally preferred (Loehle & Rittenhouse 1982).
The forage ratio {Ei = ri/pi} (Iviev 1961) takes a value of 1 for ol
random feeding and differs asymmetrically from 1 to infinity for

preferred foods and @ to 1 for avoided items, The values can be

made symretrical by taking the logarithm of this index (Jacobs
1974). The forage ratlo is easy to intecpret in terms of whether vy
an animal {s selecting foc or against a food item, but this is a
statistical artifact. The values obtained by the forage ratio are .

dependant upon what one considers to be available (Straus 1979,

Johnson 198d@, Loehle & Rittenhouse 1982). Thus considering all the "
grass to be potentially available food for a browser means that Cy

all. browse specles become highly pceferred. If grass is excluded

the values for pacticular species charge drastically. Hence the
candom feeding value of 1 (s a statistical artifact with no

behavioural meaning. Strictly quantitative comparisons between

forage ratios derived Erom Jamples of differing relative abundance

are linappropriate as the values obtained are influenced by the L

availability of other food types (Lechowitz 1982).

Chesson (1978) and Vanderploeg & Scavia (1979a) normalised

Iviev's foraje ratio to overcome the problem of variation with

relative abundance of other iltems {n the sample. Thelr indices are

however non-linear -nd symmetrical only in trials involving two




food types. Again these indices are vulnerable to sampling errors
for rare species, but they do allow comparison between samples

(Lechowitz 1982).

Ivlev's (1961) electivity index El = (ri - pi)/(ci + pi) was
designed to yield values between +1 and ~1. This is an advantage
in that it gives selection values between definite limits, However
the extreme values of E cannot always be obtained. Deviations from
the random model are symmetrical but neot linear, so values are not
proportional to the actual differences in preference indicated by
the dasza (Petrides 1975). Since the maximum and minimum values
depend on the relative abundance of food types the preference
values calculated using this index for different fool densities
are not directly compacable (Landenberger 1968, Jacobs 1974). Rare
food items and small sample sizes remsin a problem. Large sample
sizes are required but in heterogenous natural systems these may

reveal even rarer species (Lechowitz 1982)

Vanderplosy & Scavia  (1979b) developed a crelativised
electivity index with 2 range of +1 to -l. Agaln the maximum
values cannot be obtained and rare species are a problem. The
index is markedly non-linea: and asymmetrical, but is not affected
by changes in the relative abundance of food types. This index is
not amenable to parametric statistics but includes a measure of
the deviation from non-selective feeding that makes rank order
comparisons of electivity from diverse sites meaningful. These

sites must however contain the same food types.

e e
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Although the various selection ratio indices give different
values they still give the same rank order of preference. The
selection ratio, in varicus forms, is the most widely used
technique for measuring forage preferences, pacticulacly of wild
animals (McLean & Willms 1977, Menco 1979, Dunham 1988, Korfhage &

Nelson 1988, Vangilder et. al. 1982}.

Many studies have compared the oroportion of a plant species
in the enviromment with that in the diet of large mawals as
represented by rumen or faecal samples (McLean & Willms 1977,
Monro 1979, Dunham 1986, Korfhage & Nelson 1988, Vangilder et. al.
1982). However differential rates of digestion can cause
inaccuracies in the estimations (Kessler et. al. 1981),
pacticularly when faecal analysis is used (Jarman & Gwynne
unpublished). Alternatively utilisation can be estimated from the
feeding time then compared to the avajilability (Milton 1979, White
& Trudell 1988, Glander 19813,

BEstimating preference as being the ratio of the proportion of
a plant specier in the diet as compared to that in the enviconment

can lead to

sracies as it incorporates both area, or patch,
selection as well as food selection (Nudds 198¢). Animals may
select only E£rom those plants within the range of its sensory
capacities (Loehle & Rittenhouse 1982). Determination of resource
availability in nature is beset by the fact that it may be
impossible to> measure it from the point of view of the animal
under consideration (Jaenike 1988). Owen-Smith & Novellie (1982}

avoided the effects of area selection by measuring availability as




the standing crop density of plant species in the habitat volime
scanned. This volume is the product of the distance moved in time,
the effective path width and the maximum height reach of the

animal.

¢, Acceptance Value

The frequency with which an animal eats a food type when it is
encountered gives an indication of the selection independent of
the abundance of that £ood type in the enviromment. Difficulty is
encountered in deciding which plants have been detected by the
animals. Arnold (1966) showad with grazing sheep, that food items
were detected primarily by samell and then by sight. For the
measurement of the acceptability the plants available to the
animals were estimated as being those within the neck reach of the
animals, This avoids any assumptions about the animals Foraging
patterns and avoids arbitrary limits being placed on the animals
sensory capacity to detect foods (Loshle & Rittenhouse 1982).
Again problems ace encountered with rare species which are only
encountered infrequently, The acceptance values obtained for
animal species with different encounter rates ace not dicectly
comparable, however the ranked values may be compared., Acceptance
is related to wutilisation in that an animal which eats mainly
browse will have a greater acceptance value for woody plants than
a mixed-feeder which also utilises grass thus bypassing many

potentially edible browse plants while intent on grazing.

i
]
i
1
i
|




d. puration of feeding on individual plants

Dietary contribution of a component is a compaund of the frequency
of acceptance and the duration of feeding on 2 food once accepted.
The feeding ducration is relatively independent of availability.
The dietacy importance of plant species to mule deer was
calculated by measuring the number of bites taken from each plant
encountered (Willms & Mclean 1978, Bartmann & Carpenter 1962).
Like the feeding duration this technique gives an estimation of

the contribution of a Ecod type to the diet.

e. Preference in choice situations,

Feeding trials using domestic livestock frequently employ confined
animals, These are given a choice of two or more foouds in known
quantities. Hence the availability of each food can be precisely
matched and the effect of other food types present can be
excluded. This method 1is not often used for assessing the
preferences of wild animals. Penned animals may be offered cut
branches in cafdteria trials (Jarman & Gwynne unpublished, Tucker
et, al, 1976, Frost 1988, Papageorgiou et. al, 1981, Sinclair et,
al. 1982), or food put out for wild animals at times when natural

foods are scarce (Bryant 1981).

No single measure of food preferences of herbivores represents
all aspects of food selection. The comparative utilisation of
grass and browse 1is discussed, since the degree to which the

different animal species use these vegetation types may influence

g
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their selection of browse plants. Four methods of measuring for
plant species selection ware used. i. The proportion of feeding
time was cecorded. ii. From this the selection ratlo was
getermined, using data collected by other workers on the abundance
of available plant species in the habitat. iii. The frequency with
which a2 plant species was eaten If encountered was recorded,
together with iv. the duration of feeding on the plant. The
results obtained using these four methods are compaced and a
composite picture of food selectlon by browsing ungulates is

presented,




4.2, METHODS

‘The foraging behaviour of each animal species was observed for a
minimm of six hours and a maximum of ten hours per month.
FORAGING is defined as the time in which the animel is
predominantly occupied with searching for and eating food. FEEDING
refers to the actual consumption of the food. Every month the
chservations included each individual animal in order to reduce

errors due to individual differences.

In each recording session a focal animal was followed, while
Eoraging, for one hour. The species, size and leaf-age of each
plant eaten and the duration of feeding on it was recorded

verbally on a Sony microcassette recorder {Table §.1.).

Simultaneously an assistant laid out a string along the path
the animal tock while feeding. Two reels of string were avajlable,
each measuring 1.5 Xm. The string was secured with wire loops. The
beginning and end of each period when the animal was actively
engaged in feeding, within the recording session, was marked by
blue and red plastic pegs, while yellow pegs indicated the turns
made by the feeding animal as insurance against the string being

broken by other animals.

Subsequently the feeding path was subdivided into quadrats of
1m long x the neck reach of the animal on each side of the string.

In each quadrat details of the species, size and the leaf-age of

i
i
]
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Table 4.1, Detalls recorded for each plant encountered by the ' P

enimals,
1, slzo .
Size classes of wody plants, :
Size  Mawtmwn  Atfected by:- .

Class  Helght

1 9.8 -8.5m Fire, brovsars, conpetition with grasy -
2 8.5-15m Pire and mmmallen browsers (‘ df»"
3 1.5-25Mm Rudus but too high for impalas and gosts P

4 wwe 2.5 Relativaly free from memslisn browsiog L

Size clansen of patchea of h rvidual forb specles, l
satch Size  Muber of pluats in tn asteh

1 -5 Individuals
2 $ - 19 individaals
3 8 - 5¢ indtviduals
4 Cavering ali the Lm quadrat

11, prenatogy
Phenological clasoes Eor woody plants

Clags  Phenclagy of leaven

¥ Hew eavsa not yet fully expanded,
¥ Yourg Joaves, fully expuwded but not yat fully hacdened.
[ Matdre, greon leaven sow hardened,
0 03d Jaaves with yellow macks o motcliog.
5 Erled, pactly drown loavas camaining on the plant.
¥ Failen loat 1itter,
Phenologieal elagsas for forba,
Clugs Pienalogy i
¥ Pre-Eioworiny
" Fiowsring
o Post~tdawering
[ Laaves dried




all the pla.c species available within the height reach of the
animal were recorded. This gives a measure of the availability of . *
each plant species to the animal during the period when its o9
feeding behaviour was recorded. Plants encountered whilst the
animal was running or walking capidly with the head caised were
not cecocded, since at such times the animal was usually rejoining

the other members of the herd and was not searching for food.

The reach of each animal species was measured directly Erom

the animals while they were feeding, at least aone member of each

species being amenable to having the observer standing alongside

it macking the twig just eaten Erom and the position of the
hooves, The lateral reach of the animals was taken as the distance
over which plants could be eaten by turning the neck whilst one

forefoot remained stationacy on the feeding path. This distance

J
i
J
i
?
|
|
was 35 cm on either side of the string for the impalas and goats, ’
and 5¢ om for &he kudus. The vertical ceach was 158 om for the i
impalas and goats, The goat$ are not as tall at the shoulder as }
the impalas but have the ability to stand on their hind legs. Roux f
{1968) alse measured the browsing height of goats to be 15¢-157 [

cm. Subadult kudus could reach up to 20¢ cm.

The bite sizes and biting rates achieved by the animals for

each plant species were record~ . i the main observation
sessions whenever possible w.. Jebing the animal under
observation, Additional observatic.: were glso used., Bites were se

recocded sequentially on a microcassetce recorder and described

according te the plant part eaten, its phenological state, and in




1
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the case of woody shoots by the number of leaves taken in the i E
bite. Subsequently samples of similar size and age were collected, o

dried and weighed. The intake rate was then calculated.

Initially it was attempted to randomise the hours and days of

the month on which feeding data was collected, but this was not

)

2

practical due to the difficulty in Einding the animals in the

h

enclosure, even with the radio-collar.

The majority of the feeding observations were taken in the i ,'
marning. The animals seem to have two main feeding periods during
the daylight houcs eccureing over the 2-3 hours aftec sunrise and
before sunset. This was particulacly evident in hot weather.
Evening recordings proved impractical as the follow-up
measurements of plant availability, which took from 2 to 4 hours S j
to complete, ha{! to be done promptly as markers left out in the : ¢
veld overnight were frequently displaced by the animals. For the )

same reasons no night time re-wedings were taken,

The goats were Studied for one year, from Decembec 1988 to
November 1981 inclusive., The ku'ng were not available during the
first part of the project but wece studied for the 12 months £rom
September 1981 to August 1982. The Impalss were obsecved R "
throughout the whole period in order to wonitor any differences in . o
the feeding behaviour ¢Je to enviconmental differsnces. This was

particularly important as a comparison was being made between the

goats and kudus although they were not studied over the same time

peciod,
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From this method of data collection the comparative
utilisation of grass and browse by the animals, and four measures

of plant species selection were calculated.

The proportion of the total feeding time the animals spent
eating grass and browse each month was compared. Browse matecial
was split into woody and hecbaceous browse. Leaf litter was
considersed sepacately but 1s @ subsection of the woody browse
category, Grass was taken to include the sedges since these are

hot abundant In the enclosure,

The differences In the proportion of each of these vegetation
components in the monthly diet of the three animal species were
tested for significance using the Mann-Whitney "U" test. Non
pacametric statistics were chosen as the daily vaciation in the
peoportion o wach vegetation type was lacge, but it was the

celative proge < wns of each component that was of intecest.

In June and early July little dahs was collected f£rom the
kudus because of the prasente of a +ild male kudu in the tame
group.

a. Dietacy proportions.

The contribution of each browse <1es  in  the diets of the

animals was estimated by the proportion of the feeding time spent

eating that speciex during observation sessions. The dietary

|
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proportions of each plant species were compared cver each of the

four seasons using the Mann-Whitney "U" test.

b, selectivity Ratlo.

The species preference of the animals for woody plants was
measured using the selectivity ratio, The selectivity ratio 1s the
ratio Latween the proportion of a plant species in the diet and

the proportion of that species available in the habitat.

Selectivity ratio = Propoction in dlet. / Proportion 1n habitat.

The relative proportions of browse plants in the diet were
calculated from the time spent Eeeding on browse corrected to a
quantitative estimate by multiplying through by the intake rate
for each species. The abundance of available woody plant foliage
in the habltat was calculated from previous work by Rutherford
(1979) and Witkowski (1988) in the height of the growing season,
The above ground woody blomass of the Burkea savanna in the study
area was measured by Rutherford (1979}, his belt transects A and B
were located within the enclosure in which the tame animals were
kept, From these two transects the relative abundance of the
eleven major woody plant species was obtained. The biomass
available to the animals was calculated as being the biomass of
leaves and the current yeacs twigs of all shicubs below 2.5m plus

1% of the tree biomass,

L v

LS
o
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Witkowski {1989) determined the total live canopy volume and
that below 2.5 m “or all woody plants, including the rarer

species, in both the Burkea and Acacia savanna for the study area.

The relative proportions of Burkea and Acacia savanna within
the enclosure in which the tame animals werz studled, was
caleulated from pee-existing aerial photographs. Burkea savanna
covered 92% of the enclosure, the remalning B% being Acacia

savanna.

The measurements of the relative biomass of available browse
were calculated from the work of Rutherford (1979) for the common
specles occurring in Burkea savanna, and Witkowski (1988) for the
Acacia savanna species and rare species. The relative biomass
measucements for each species were adjusted according to the

proportions of Acacia and Burkea savanna In the enclosure. Since

the availability was measured only in peak growing season, the

selectivity ratio could only be estimated for that season.

The specles abundance and biomass of focb specles was
noticeably different each year, presunably as 3 cesult of
variations in the rainfall patterns, Thus no previous information
about the hicriass of individual forb species was of use in
determining the selectivity of the animals for forbs at the time

of this study.

- s s
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¢. Acceptance value.,

The Erequency with which a plant species is eaten if encountered ENy

is a measure of selection that is not greatly influenced by the . :
relative availability of that species to the ammal. The 5
acceptance value i3 the ratio of the number of individual woody

plants, or patches of forbs eaten (see Table 4.1}, divided by the

number encountered within the neck reach of the animal along the

path taken while feeding.

Acceptance valve = number @aten / humber encountecred.

Chi-squared walues €£rom 2x2 contingency tables, with Yates

corcection foc small numbers when necessacy, wece used to test for "
significant diffecences in the proportions of plant Species which ﬂ[,
were accepted or rejected under different conditions. The results

are expressed according to seasonal, rather than menthly,

geoupings in ordec to obtain a statistically acceptable encounter

rate for the less abundant plant species. .

d. Feeding duration.

The feeding duration i{s the time spent Feeding on a plant once it = ;
has been encountered. The time, in seconds, spent feeding on ; “{i
individual plants was cecorded. This included the time taken to *; ®° g‘
pluck, chew and swallow the food, Occasions when an animal paused ‘f’ . ‘
to obsecrve its surroundings tien continued to eat the same plant, % ;

"

or a neighbouring plant of the same species, were classified as a

S . R



single feeding duration. When multiplied through by the intake
rat# a quantitative assessment of the amount of Eoliage consumed
at one time can be obtained. This gives a measurement of
preference without reference to the avalisbility of the plant
species in the habitat, if it is assumed that the animal will eat
more of a preferred plant at one time than of a less preferred

plant.
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4.3, RESULTS
4.3.1. the Dietary Composition of Kudus, Impalas and Goats in K ﬂ
Terms of Vegetation Components v "

i. Kudus .
- &
"oy a
The diet of kudus consisted predominantly of woody plant leaves

and shoots, an average of 6@ + 12% of the feeding time being
devoted to this food source throughout the year, The utilisation

of woody browse was at a maximum in the late dry season, forming P

67 + 3% of the diet (Fig. 4.1.1i.) v

Forbs were of less importance than woody plants, accounting
for 26 + 3% of the diet in the early growing season, decreasing to
18 + 3% In the late dry season. Grass was not an important source

of food to the kudus, constituting only 7 + 2% of the diet as a

year round average. The main species of grass eaten was Panjcum
maximum which grows undec the shade of trees and is favoured by

many animals.

The kudu made limited use of fallen leaves as a dry season : i
food source, taking mainly Strychnos cocculoides and the large
leaves of Combretum zeyiieel when other food was scarce during the {

last two months of the dry season.

Fruit was actively sought out when available. The large fruits
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of Sclergcarya caffra and Strychnos spp. were eaten i the growing

season, while in the early dry season the animals ate the abundant

indehiscent pods of Acacia tortilis and Acacia nilotica. Together

with Grewia flavescens berries these formed 24 + 95% of their dry

season diet.

The flowers of early flowering trees like Dombeya rotundifolia

and@ occasionally Sclerocarya caffra and Ochna pulchra were eaten

at the very end of the dry season. The twigs of Ochna pulchra

bearing buds were also occasionally eaten just before the period

of new leaf flush.

ii. Goats

Vioody browse was also the most important dietary component for the
goats, avecaging 44 + 5% of the year round diet. After the first
tlush of new leaves the use of woody browse decreased through the
early growing season, then once again increased in January to
become the most important part of the diet, occupying almost 8%
of the feeding time (Fig. 4.1.ii,). The time spent feeding on
woody plants then steadily decreased down to 21 + 75 in May, then

increased again throughout the remainder of the dry season.

Forbs were not of great importance in the diet of the goats in
the early growing season and late dry season, but constituted 22 4
9% of the feeding time in Fehruary and March. The maximum usage of
grass by goats occurred in December when almost 50% of the feeding

time was devoted to this food source, The use of grass then
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declined to less than 1% in April and remained low until the

regrowth of green grass i{n September.

In the dry season fallun leaves were an exedingly important
soucce of food to the goats. They began using leaf-litter in late
February and by April 62 + 4% of thelir diet consisted of fallen

leaves.

Fruit were eaten when available, but never bacame a major pact

of the diet, Twigs of Qchna pulchca and fombeya rotundifolia were

occasionally eaten In the late dry season when the buds were

swelling.

1ii. Iimpalas

The proportions of the components making up the diets of the
impalas in each wmonth were similar over both years studled. The
main Eood of impalas was green grass (Fig 4.1.1ii.). This
accounted for 73 + 4% of the growing season dlet on average, but
reached 99% when the new season's grass flushed on the burned fire
breaks in September. In the dry season the availability of green
grass decreased until in the second year the impalas spent only
5-19% of their time feeding on grass, carefully selecting the few

remaining green leaves.

The use of woody plant and forbs by impalas was low and
inconsistent, Forbs provided less than 1¢% of the diet during the

growing season and 15-20% in the dry season. An average of 2¢ + 6%

|
!
{
i
i
|
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of the feeding time was spent eating woody plants from the time of =~ vy
new leaf Elush to leaf £all, while in the late dry season the "
impalas ate less from the &rees and bushes but ate the fallen . 4
leaves. Leaf-litter was an important dry season food resource foc ’ ‘
these animsls, In 1981, from the month of May, the use of fallen s
leaves of palatable trees iIncreased until 49% of the diet —_—
comprised leaf~litter in July, Fallen leaves were not as impoctant
a food source in the following year and were only eaten at the

very end of the dry season. This was due to the abundance of the

preferred dry season food, Acacia pods. In the dcy season of 1982

there was a particularly good crop of fcacia pods. The pods fell

from the tcees throughout tha early dry season providing a
continuous supply of food, this peaked in Jurte when the impalas
spent 75 + 5% of thelr time feediny on pods, particularly those of

Acacia tortilis, and on Grewia flavescens berries. The use of

fruit and leaf-litter terminated abcuptly as soon as new grass

appeared on the burned areas.

iv. A Comparison of the Dietary Compositions of Impalas in Two

Consecutive Years

A comparison of the feeding behaviour of the impalas over the two
years of the study revealed few differences in the proportions of
the major food types in the diet. In 1982 the Elush of new grass
on the burns was later; as a consequence the diet of the impalas [
in August of this year contained significantly less grass than in
the previous year, but more woody browse (Table 4,2.a.), Less

woody browse was eaten in March 1981 than in the same month in the

Y PN e
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Table 4.2.a. Comparison of the Dietary Proportions of the Major Food Types by Impalas in

Month
October
Novetnber
December
January
Febvary
March
April
May

June
July
August
September

g

8
le

1998~1 and 1981-2, Valbes of the Wilcoxon "U* Statistic.

Grass vicody browse Forbs Leaf-litter Fruit
198 1981 198¢ 1981 198 198X 1988 1961 l98¢ 1981
29.5 24.5 26.5 27.5 32.4 22.¢ 13.5 48.5 - -
14.6 21.8 11.8 25.8 18.5 16.5 - - 2l.e 15.9
17.6 18.8 12,4 22,5 29.86 7.0 - - 2.9 18.8

3.8 9.e 5.6 e.0 % 7.6 8.0 - - 2,8 18.0
5.6 19.8 16.5 7.5 22,6 2.8* 8.8 16.0 .0 24.0 *
27.8 29.8 17.8 39.8 35.8 43.5 4.6 12.0 8.5 46.5 *
36.5 12.5 3.6 18.8 31.6 18.8 49.8  8.8-% 9.8 49.0 *
33.8 16.8 12.8¢ 37.9 34,5 14.5 408.6 9.0 i12.8 37.0
48,5 5.5 * 1.8 53.86 * 12.0 42.0 17.8 37.0 12.6 36.9

{ * significantly Different : P < 0.05 )

vz
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rable 4.2,b. Comparison of the Diestary Propoctions of the Major Food Types by Kudus and

Impalas in the Year 1981~1982, Values of the Wilcoxon "U" Statistic.

Grass Woody browse Forbs Leaf-litter

Month »y® kudus impalas kudus impalas kudvos impalas kudus

October 3 6.6 36.0* 28.5 1.5*% 19.6 1l.i 18.9
November 3 9.8 39.6 * 26.0 4.9 7.0 3.86* 18.0
December 1@ 0.8 54.8 % 48,8 4.8 * 50.8 4.6 * 3.5
January 5 1.6 41.86* 355 @.5* 36.0 ©6.0* 150
Febuary 6 6.6 49.0 * 46.0 0.0 * 35.6 5.0 * -

March 8 1.8 3%.2* 45.5 14.5 38.8 12.8 -

Apri: 8 9.8 48.6 * 3.8 11.0 39.5 8.5 16.9
May é 5.8 37.0 % 42,8 0.0 * 9.8 33.9 18.0
June - 2.6 12.¢ 2.0 4.8 8.5 7.5 6.9
July 12 9.0 54.0* ©63.0 0.0% 41.5 21.5 24.0

Awjust 15 12.6 60.¢ 6l.8 11.6 * 58,9 4.0 % 12.5
September 2 8.8 25.6* 25.8 4.6* 225 2.5 7.5

( * significantly Diffecent : P < 8.05 }

impalas kudus impalas

12.9
12.8
46.5
12.9

32.0
24.8

8.0
39.0
59.5
17.5

Fruit

21.0
25.9
33.0
2.0
25.0
22.0
18.5

8.¢

5.6

2.9
17.9
25.0

9.¢
5.6
21.¢
15.9
15.0
18.8
29.5
34.8
9.6
54.8 *
47.8
2.8 *

R~V




Honth i
‘E October 3
: November 3
; December 7
January 8
Febuary 5
) March -
Aprii 1
May g
June 6
July 19
August 5
September 3

Grass

Woody browse

Forbs

teaf-littec

Table 4.2.c. Comparison of the Dietary Proportions of the Major Food Types by Goats and

Inpalas in the Year 1988-198%, Values of the Wilcoxon “U" Statistic.

Fruit

goats impalas goats lmpalas goats impalas goats impalas goats impalas

6.9
.6
2.2
1.2
2.9
7.8
6.9
9.5
8.5
9.8
5.8
0.8

38.8 *
30.0 *
45.9 %
25.8
35.9 *
5.0
20.0 *
46.5 *
33.5
47.9 *
31.8 *
3.8 *

38.8
30.0
44.5
4.9
27.8

1.5

6.8
56.0
33.8
56.9
6.8

30.9

8.8
0.8
6.5
7.8
8.8
19.5
4.0
6.8
9.8
0.8
0.8

0.8

{ * significantly

*  21.8
* 15.8
* 32,8
* 17.8
29.5
1.e

6.8

* 21,8
26.5

*  23.0
*  26.5
* 25,8
Different

9.8
15.0
13.0
31.9

5.5

1.0
20.0
27.5
15.5
33.6

9.5

5.0

29.8
25.5

21.e
12.0
20.8
22.9
15.5
26.8
14.6
15.9

£ P<8.05)

l.g *
4.5
24.9
4.9
6.8 *
34.9
26.5
38.0
22.8
5.0

24.8 6.9
27,5 2.5 %
27.6 2.0
21,86 14.8
8.8 6.0
20.6 8.0 *
20.5 35.5
28.6 22.9
12.5 43.5
31.6 5.0 *
27.5 2.5 %

fraad



Table 4.2.d. Comparison of the Dietacy Proportions of the Major Food Types by Goats

in 198a3-1 and Kudus In 1981-2, values of the wilcoxon "U" Statistic.

Grass Woody browse Forbs Leab-litter Fruit

Month "y° goats kudus goats kudus goats kudus goats kudus goats kudus

October 5 31,5 4.5* 175 18.5 15.¢ 21.8 3.4 8.2 * 22.5 13.5
November 5 27,5 8.5 14,8 22.8 0.6 36.6% 33.9 3.6%* 11.0 25.0
Decembec 7 41,0 4.6 * 11,5 28.5 12.¢ 33.8 - - 17.5 27.5
Januacy 8 21.5 26.5 2.0 46.9 * 4.0 44.8 * - - 19.6 29.0
Febuary 6 8.0 32.0 32,8 8.9 9.9 3L.¢ 24.9 16.9 18.¢ 22.@
March 5 35.6 5.6 % 12,5 27.5 25.5 14.5 30.9 1e.0 19.5 29.5
April 6 9.0 40.9 * 8.0 32.¢ 1.6 39.0+ 46.8 @.0* 20.6 20.0
May 6 30.5 11.5 4.9 38.6 % 16.5 22.5 42.8 8.0 * 9.5 32.5
June - 9.6 13.¢ 6.8 6.0 1.5 8.5 11.6 1.0 9.¢ 12.9
July 15 58.5 13.5 * 6.0 66.90 * 23.9 43.0 58.6 14.0 * 33.86 31.0

pLe-v

August 8 44,86 4.6*% 28,0 28,0 18.5 37.5 42.6 6.8 * 17.0 47.5
September 3 25.5 4.5 7.5 22.5 21.0 9.8 30.6 e.86* 12.6 18.0

( * Signlficantly Diffecent : P < 0.05 )
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following year, In 1982 the Crop of Acacia pods was very good.
From April until June of this year the impalas spent much moce
time Ffeeding on these pods than in the previous year. Less
leaf-litter was eaten in June and less herbaceous browse in April
of 1982 than in 1981, presumably due to the increased time spent

eating Acacia pods.

v. Comparison between the Animal Species

A month by month comparison of the dietary composition of kudus,
impalas, and goats, at Nylsvley shows that the impalas ate a
significantly greatec propertion of grass than the kudus in all
months of the year, except June and August when little green grass
was available (Table 4.2.D.}. They also ate more grass than the
goats for the nine months of the year excluding January, March and
June (Table 4.2.¢.}. The goats grazed significantly mare tban the
kudus for five months of the year, only in April did the kudus eat

significantly more grass than the goats (Table 4.2.d.).

The proportion of woody plants in the diet of the impalas was
significantly less than that of the kudus throughout most of the
year and less than the goats in the late dry and early growing

seasons. The kudus made significantly greater use of forbs than

the impalas in the growing season and than the goats in November,
January and April. Leaf~littec was significantly more important to
the goars than the kudus throughout the dry season and the early
part of the growing season, the kudus prefercing to obtain their

browse from leaves remaining on the trees and shrubs. The goats
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also spent a significantly greater proportion of their feedirg

time eating fallen leaves than did the impalas from April to July.

There was no sijnificant difference in the proportion of fruit
in  the diets of kudus and goats. In 1981 the goats ate
significantly more fruit than the impalas in April and from August
to November, The impalas ate significantly wore fruit than the

kudus In July 2982 but this pattern was reversed in September.
4.3.2, Plant Species Selection: Dietary Proportions

2. Woody Plants

The proportion of the total feeding time in each observation
gsession that was occupied by individual plant species was highly
variable. This was due to the heterogeneity of the vegetation and
the limited number of food types which could be consumed in one
nour, Freguently a plant species was not eaten within the
observation period so scored & value of zero. This resulted in a
high degree of vaciation and hence a poor statistical estimation

of the species composition of the diet.
i. Kudus
G. flavescens made up the greatest proportion of the diet of the

kudus during the growing and early dry seasons, when it formed

approximatly 28% of the total feeding time and accounted for 48%
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of the time spent browsing (Table 4.3.1.). Dichrostachys cinecea
was also an important source of food in the growing season
pacticularly £rom February to April when it occupied 20% of the

browsing time.

In uhe early dry season from April to June G, flavescens
continued to dominate the browse diet of the kudus but ovecall
this species contributed a significantly smaller pcopoction to the
total diet than in the growing season. D. cinecea and Vitex
cehmannii were also favoured in the early dry season. These
species are deciduous, losing their leaves In the latter half of

the dry season.

The evergreen Strychnos pundens was a major dietary component
in the late dry season from July to Septewbec, being eaten
significantly mure in this season than at any other time of year.
The dead leaves of the deciducus species C. zeyheri and G,
flavescens which cemained on the branches were also eaten. The use
of several evergreen species increased, and some plants such as
the "thin-leaved" evergreens Ppappea capensis and R_h_gs_ leptodictya

developed distinct browse lines.

In September the new leaves of Diospycos lycloides and O,
pulchra flushed out in advance of wost other speclies and were
readily eaten by the kudus. The new leaves of Burkea africana and
Lannea edulis, which emerged in the following month, were also
readily eaten, Both Q. pulchra and B. africana leaves were ignoced

once they had matured. A second £lush of 0. pulchra leaves
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7Table 4.3. The Proportion of the Browsing Time (3] Spent Feeding on Leaves and Shoots of Woody
Plant Species.

1 Hodus
Early Growing  Late Growing Early Dry Late Dey
spoctes Season Seasen Season Soason
ne3 ne3 a3 ne3
Mean SE  Rank Mean  SE  Rank Mesn SE  Rank Mean SE  Rank
Specias Selected [or Chemtcal Analysis
Acazta niloties BATE 0.67 3. -~ - .05 0417 .72 0.98 19.
Acacta bacciits © e e LIS W AR LI G0l 8.0 3
Burkea stricana SATE 255 7T 3802166 4 LIELI41Z  G.der 0,13 22
Conhcotus molla 2485 18418 6956 0.29 0 1654 1.65 18 .93 2.83 1
Dichcostattys cinerea 8968 4.27 2 25,394 9.58 2 15.080L74 2 8.3 .13 28.
Deraya romdttolta 202 15513 B2 ed7 22  GEM G 2.0 L9918
Buctes nstalensis B B 3 - - - 2/ 6 4185 T
Grewta flavescans W02 647 1 3883 351 1 AS.ASNES9 1 6.2n 524 §
ochmn putchra 6,63 230 5 13.6B412.39 3 G.JSE 015 26 13.0502.82 3
reltophones afclow - -~ = - = = = = . = . =
s deptadictyn BT R0 2 8,532 0.55 15,5 19110015 3.8t 163 ae
Stryshnos pusgens T0E 5.5 1 B34 010 208 0.27 6.23 20.5 16.T4x 878 1
Tertnalia sertceo 0.7% 8.97 23 MA2 .36 115 63l 02918 25l 21813
Vitex rebrannit S0E 383 € 276020 7 0.84E 553 3 2.2 b2 14
Other speates
Aceta burkt BaAMEI2Z ~ - = - - - LEM2SOL2
Acasia catfen 1287918 - o~ = - = . e e o
Acacla hebecladn . e - MRS - = o = om
Acsta kareo BBl 05619 0085 B0 35 1,69 A4 O 3.B4: 0.94 18 !
Harineis bremoxanpil BB R4 4 - - - - - - - - - v
Bequsrtiodenson S L e e e oo e oo
magaliEnansanu. ] =
Bridetia nolls L
Canthtun. gilE12lands - e - aom a0t p.6h: 06820
“ariesa blapinasa @18 BAL® =~ - - - o 2,83 16918
Cassine tionsvaclensls B85t 8.05 33 - = =~ = - 0.5 9.2528 ! Q
Combretum apiculacum #1914 8,19 5.5 3.24¢ .74 5 .30+ 8,18 27 - - -
o
-~ - U o, wr ! .
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“gable 4,3, Continued, . .
Conbretun zeyhert T NIS 4 RSN B2 ISS Ll L0113 1333 5,92 2
Ceoton gratlsstas I T €. S ¥ R U R
Dichepetalun cynosum - h e e e e e e e e
Dlospyres Lyvfoldes 2308 824 17 D624 206 6 57 225 4 10.04116.40 §
Enrstla rigida 2698226 9 LEM OB - - - BSEEZT
Eeythrocooos manyharthll  B.26% 0,24 2 837 0.4 19 0025 03218 0.29% 8,18 25,5
Euclea ericps SAREWLW - - - - - - BIBEIB
fucles wdulace B9 B.A8 255 ~ - o~ = = 338532 8
Grewta bioolor L5 #8221 = = = = - = §.20r0.08 29
Greia flava B8 083N - v - = m = . = -
Grevia nonticcla BESEAW I - = o~ o~ = - L3029
Lannes Asesloc 0454 0.053) LE1E 9 - - - - - =
Lannen sdulis 20703 GaHEI AMteMB - - -
Maysenus tanuispina -+~ LIGFRSE B 875827 WS 05203523
Mundules sarices T T T P
Ozaron panteutosa 005 8.0533 - . - 2060231 834501924
Pappes capensis BIGLB.I62 - - = o~ = - A4S 218 6
Protes weludtscnts = e BEBBS ~ - - - - - .
Paaudolachnostylis 8.754 8,75 21 8.7 8.71 13 ~ - - - - - :
waprountiolia ) ﬁ
Prgssothmnus yeyhers = =~ = . e = = == - m
Rhus pycatdes 0561 €.2327 01282220 BT - - - ’ .
Bclerozarya cattes BM4E 0436 - o~ - o« = = - = =
Sosuridaca 298 205 8§ 5.82¢ 072115 .04y 675 15 0.02¢ 0.02 35 -
1ongipedunculata P
Securinega virosa e e e e e e e e e e e . bost
Stryetwias cocouloiden 194 B4 0308 6.2 1T QAT 7 - o~ -
Strycinos madagassariensic = = s« o~ =~ = w « e =
tachonanthus camporatss -~ =~ = o~ = = = = =
Vitex mmbassae - - - - - - 8.23% 2,2) - - -
Vanguerta Infuustea m e e e e e e e e e e
Aimanio cottra - . e~ . asmass b LIMGBG Y
Zia3phas mocronats 2265 €05 1) B3t B3 235 22 206 T Q.29 A5 25,5 :
(Standsrd srror cslulatsd on a morthly basis tn ordar to glve nquel velghting to each montn) 8
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Table 4.3, The Preportion af the Brovsing Time (3) Spent Feeding on Leaves and Shoots of Woody ! o ]
Plant Specien, i ‘

{4, Dopsias ¢
Eacly Growing  Lats Growing Early Dry Late Dry i 4‘

Species Soagon Season Seasony Season ‘Q
ned ang LT nes

Haan  SE Rank Mean SE Rank Hean BE  Rank Mesn SE  Rank
Spocien Selested for Chenlcal Analysis

acacis nilottcs LS 9 1060453 3 QIMTI 4 - - - N
Aoacta wortilis G0 DE 395 5,202 5,80 & 18D/ - - - -
Surkea atricans 6 043 20 B OBIS - - - - - - L
Conbretus molle 3226 1AL 30 4522 5 G2 LS 5 6B 343 T =y
Dichrontachys clices 15,22 505 7 362798 1 2305223 2 0.4lt Gdl M

ocheys rotunditelis 0,184 0.06 29.5 - - - - - - #.3%% 8.33 16 i
Eucles natalensis 89589218 - - - o~ = - 2984455 3 .
Grewts glavessens JAIGIE 3 IBIBAS 2 LTINS 1 14068 978 2 :

ochna pulehrs WS 3B € LEMLD ¢ - - - ez eRl Lo *
Peltophoran aficmin ke .24 25 000 BID 1T D93 .29 16 393 5.68 8 ; .
Rius Jeptodiceys L6t 05035 9.324 02535 B.98 0,36 14 @43t 8521 P
Stryctaos pungans 363 BT & B.08 0.00 22  LGRL1IS10  BSL5E 5 ] ’
Teminstin boricer 189 105 11 3024186 7 1% L3112 BSH 6.5 4 |

Vitex catransf( 0591 0.30 25 M09 D.OY 2 DABE LS 7 238 159 9 [
Gther pectes L
Acacta borked 035,92 3 A0S O52 - - - = = - I
encie catfra e e e e e e e e e e e . ;

Acacis hebeclads - - - - - - - - - - - - H

Aeacia atoo .28 8,20 26 - - - 2,114 8,31 8.5 - - - N

Barleric bremekampl: - - - - - - - - - - - - I R
beguartiodendeon e e e e e e e e e e .
agalimonsanu ’
Sridelta mollis ~ e e e e e pamAM S - e - ;

Cantnlun glafillam;

Garisse bispinosa == - R2MRDD T 606 489 6 '

Cassine travaveslonsic - - MDA fBE T - - - - - : ®

Gonbretun apioulacun B9 02926 - - - L2l L3

e e
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tabie 4.3, Continved. . .

Combretun zeyhers - - e e e oo -
Grovon geatissims o,

Dichapetalun cymosun - e e e e e e e e L e e |
Diospyeos lysioides 126 1213 = - - B2 8219 .33 83316 P *;‘
Enratla cigida 2534 0,38 22 8.98% 8.98 18 2.08% 2.80 8 .33t 9.33 16 B A
Ecythroescea menybarthil 5.543 2.83 & 3884 1.4 6 2074287 9§ - - - N
Buclea crispy - - - - - - - - - - - - ki 7
uclea undalata 1B AE512 - - - 12488901 3 380682051 1
Gravia blooler D R X L3 K UET I KTy R 7R ) *
Grevia flave B REE3 - - - - = e = - o S
Grewia montivals $.36£0.28 20 03303116 - - - B.E5%0.6512 :

Lannea discolor 205 T e3eBU - - - - - - !

Lannes edutin 087 BBV~ = = e e e w e “
Kaytanas tenulsplag 1.2 M6 14 66 316 W - - - - - - -
andulea serloes . e e e e e e e e e e i

Ozoton pantuless 06T -~ = = = = = = . o |

bepper capensis - - . - - - 8 YB3 - - - 1

broten wolvitachis .- e e e e e e e e e e .

Boeutolachnonty | o e

aapeauni fa1a g
Pygnacothams zeyheri - - - - - - - - - - - Wi
fhus pyroldes 6.87: 2.67 32 0.8y 83111 B3} OSI - - - o :
screracacys catten - - - mamez - - - - - -

Secuctdaca BEM B30 17 2,226 222 8 2904 2.8 6  B.43 84323 : ‘
Longipedunculaca i
Securinoga virosa ~ == e = - ppeOMED -~ - -
Strychnos cotculoldes 648 0,88 31 - - .- - - - - - - i
Surgshon saswasmrienalr « « = - - e = . e . o .

Tarchomntius anphIest.  ~ < = .« = o~ = = e a B
Vitex mombastac - - - . - - - - - - - -

vanguerin intaustra - e e e e e e e e e o

Ximensa ratr C e e e e e e e e e e

2iziphes mucsonats 8213 A1 27 Qu3by w35 Y 623 R23 1R 8143 6.4 20

(standard exror caleulated on 2 monthly basis in order to give equal veighting to each menth)
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Table 4,3, The Proportion of the Browsing “Time (%) Spent Peeding on Leaves and Shoots of wwody ! 1
Plant Species.
144, gonts
Bacly Grouing  lste frowing  Barly ey tato oy
Specien soasn Sesman Season Season
ne3 n=3 n=3 a3
Mean 65 Ranh Moan SE  Rank Mesn SE  Rank Mean SE  Rank le ™
Specles Salectad for Cheatenl Analysia :
cacts aflotice B5ELI Y LIMLE 12 BAROATW - - -
Beseta toctilia 039 0.36 75 B EEEI - - - - - - .
Burken afelcana NS 3 BET D401 GdBLOSE1Y - - -
Conbretan malle 100: .08 15 2058 206 236t 468 5 - - -

575 281 & LI e - -
€83 5,32 17 9,384 447 4 LAl e
25 1.3 9 26,26810.28 1 66.71% 2.66
Grewts flavescens 1E% 837 44.55430.96 1 281481414 2 3.94% 2.0

Dichroswashys siperan £.58: .33 6
7
b
2
Oches pulchra 16,038 8,87 4 4.4 178 6 LS5 L1432 BAGE 0.1 17
3
%

foobeya rotundifolia 575 2.9)

oo

fuclea natalensis 20.01% B.55

Peltastiorud africans o228 022 007400720 AT BATINS - - - :

s luptodictys 0,391 5,16 1.90% 1,22 16 10.26¢ 5.27 3 O.57% 226 36 % s
Stryehnos pugens 1223 66533 LIB LIBU 426:1.97 6 1958 0,60 5 i .
Taeninslis cericos -« e mEBGE N BdmENB - - - e
Vitox cetoumnil LM LML NI IR 2 299 299 8 B.208 01216 § |
Otner Specten )

Acocta wrke) R [
Reacla caftsn e e e e e e e e e e e i
eacla hebeckada T, ¢

hescha aros - - - BN W LT BIRIE - - - P\>
Barlersa hrowekoms i e e e e e e e e e e .
Beguartiodendron - e e e e e e . pamamn i '
age! §Bnontanur

Besdolta milts 8212 8,03 5 hAM B4 - - - - = - [ '
Ganthium gil€silanki BASERLE L+ e e w m =~ == |
Carisaa bizpinoso 4938 430 K b4 0.3 1 + 8,56 17 6492 151 3 !
cassine seanavnalonsis 8,83 2,06 “ e e Q3 052 BB DT 205

Combreten apteulatun -~ - BT ATIG L3531 - - P
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Table 4.3. Contimued

Cambretw: yeyhorst .= - BI626125 5N 8202 140+ 12318
Crotn gratissims e e e e - e e e e e

Bchapstalus cymosts e e e e e e e e e o e . : .
Ploapyros lyclalde: €503 8.37 225 0,168 8.11 25 0.513 6.9 2  1.48: 123 18 L
Eheetis rigde 2.7 8.54 18  BI28.7219.5 -~ - 9224 02215 - P
Erythrococea menyhacth$i 947t 8.35 24 - - - 84S 0.24 22 0.83% ¥.89 18 N
Euclen criepa - - - B9 D922 BE2EB232  1.56: 156 8 e
Sucles undulata 2,364 176 16 102t 3.2 ¢ 2508 LB 9 1108 275 2 ",

Grevia bicslor PEHAWIY - - - eESEBIT IS 0.024 0.5220.5 T
Grewta flavs €.98¢ .86 16 8.75% 8.29 1B 0.7 .89 275 0.661 B.86 19 SN
Grevia soncioola 137 8.23 12 6,045 0,04 31 5.89 144 7 6.60% 8.30 13 . ‘
Lansies dfsealor 641644 5  6.83£ 293 4 - - - = - -

Lannea edulls B T SR

Haytanus tenuispina 9,50+ 8.58 22,5 MO - - - o« = -~ .
Mundules sericen 806+ 9.53285 - - - -~ =~ = - = = .
Oaaros paniculosa B9 073 17 2372 238 8 D.JISE 0. 25 1801 886 6 Sai
Pappen capunsin “ M= =« - smesBea3 - - - . K
Protea velwitsctiti T A T Py
Proudolasinostylis T T I § .
saprount£olin jet
Pypcothmous zyhort = = = = = = = = = = = o= [
s pyroldes 2,09+ 0.08 31.5 7,222 6.2 3 0,226 £.22 26 8764 817 12 1 )
selarocarys catéra P | B
Securidoco 6.11 821 31,5 0.35: 0.99 26 1761388 - - - i,
longipedunzlate b
Sucurtnega virosa e e e e e e e e e e i
Steyctinos coceulotdes 628+ 625 27 160 LBA L) BMEBIAI6 - - =

Btrychnos madagascaciensis - - - - - - . - - - - *

Tacchenanthus canghoratus = = = = = o~ REMAEEN - - =

Vitex mosbagsae D e e e e e e e e e e
Vanguerts intaustra A e e . e - paG BBl -~ = = Dol
Himents cagten LI BBE L - e e m = = 13 L35 7 x
2daiphus mucronate B2 BT - =~ o~ = - 2ATFRITIE

H

{Standard ecror caloulated on & monthly basis in order to give equal weightsng to each manth)
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occurred in January 1982 following defoliation by caterpillars.
These new leaves were also sought out by the kudus whilst mature

green leaves on the same plant were ignored.

A common woody plant not seen to be eaten by the kudus was P,
africarum, Many other less comwmon species were only eaten

infraquently.

ii. Impalas

Throughout the growing season the two woody plants forming the
greatest pruportion in the diet of the impalas were G, flavescens
and D, cinerea. Together these specles cccupied 18% of the total
feeding time and accounted for half the woody browse eaten (Table
4.3.1i.). peacia species accounted for 13% of the browsing time,
and ¢, molle for 3 to 4%, Mone of the evergreen specles was eaten

much in the growing season.

Those species Efavoured in the growing season continued te be
eaten into the early dry season, and the use of \_l_.&hn_@g_li and
Euclea undulata increased. The evergreen species, E, undulata
dominated the diet In the iabte dry Season at 30% of the browsing
time, The use of other evergreens especially E. natalensis, S,
pungens and Carissa bispinosa increased significantly from that of
the early dry season, The dried leaves of C, molle, C. zeyheri, G.

flavescens and T. sericea were also eaten in the late dry season.

Leaves of Q. pulchca were only eaten in September, October and

b - o
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January when newly flushed leaves were available, L, discolor was
also only utilised when in new leaf in November and December. At

no time did the impalas make much use of B. africana leaves.

1ii, Goats

In the early growing Season the goats ate many species of woody
plants, Including g£. natalensis in the first month, but the main
Foods were G, flavescens and the new leaves of Q. pulchra and B,
africana (Table 4.3.i1i.). The leaves of the latter two species,

and those of L, discolor, were not eaten once they had hardened.

G. f£lavescens occupled about one third of the feeding time in
the late growing season, significantly more than any other plant
species. Other specles Ecequently eaten at this season were Y.
relwannif, Rhus pyroldes and D, cinersa. Also eaten were the

second flush of new 0. pulchra leaves.

In the early dry season G. flavescens was still a principal
food plant but less than in the growing season. R, leptodictya, C.
molle and D, totundifolia were also favoured in this season, The
evergreen E. natalensis was eaten increasingly throughout the dry
season until in the late dry season 1t was the major plant species
in the dlat, occupying a quarter of the total feeding time, or 65%
of the browsing time. The use of B, natalensis continued in to the
early part of the growing season before the deciduous species had
fully leafed out. Other evergreens such as B, undulata, and

Carissa bispinosa, together with the dead leaves of §. flavescens,

' r R
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comprised most of the other woody browse eaten during the late dry

season,

iv, Comparison between the Animal Species

The relative dietary use of woody species was estimated from the
proportion of the browsing time the animals spent eating each
species, otherwise all comparisons were swamped by the the effects
of the differential use of grass by the animals.

The proportions of the most common woody plant species in the
diets of kudus and impalas were significantly cocrelated in the
early growing Season whilst the goats differed by their greater
use of E, natalensis and 0. pulchra (Fig 4.2.). By the late
growing season the proportions of these species were significantly

correlated for all the animals.

Throughout the growing and early dry seasons G. flavescens was
highly favoured by all the animals. The impalas and kudus also ate
the Jead leaves of this species remaining on the bushes in the
late dry season. The goats had a slightly, but not significantly,

lower utilisation of this species in the wurly growing season.

Bnother generally favoured plant was D. cinerea, This species
was eaten by all the animals in the growing season. The kudus and
impalas in particular favoured this species and continued to use

it well in to the early dry season,
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The kudus and goats utilised V. rehmannii in the growing
season rather more than the impalas did. These two animal species
also showed a high utilisation of B, africapa and O, pulchra in
the early growing season. The impalas preferred to graze at this
time of year, ‘The kudus continued to feed on a second flush of O.
pulchra leaves fn the late growing seasan, and fed avidly on the

new faliage of this species when it emerged in September,

The kudus were the only species to eat C. zeyheri, and to a
lesser extent Ziziphus mucronata, in the early growing season. The
goats preferred D. rotundifolia and L. discolor, and in the late
growing season, R. pyroides, The Impalas fed on Erythrococca

menyharthii and three Acacia species significantly wore than the

goats and kudus did in the eacly growing season. The impalas also

ate significantly more A. pilotica and A. tortilis than the kudus

in the late growing season.

The species selection displayed in the early dry season was
similacr te that of the late growing season, but with the increased
utilisation of evergreen species becoming evident. The proportions
of the common woody species in the dlets of the thres animal
spacies were no longer correlated due to the greater use of A.

nilotica by the impalas and E. natalensis by the goats,

In the late dcy season the kudus and impalas both ate much of
the evergreen §. pungens. The dietary proportions of the two
snimal species were significantly correlated, the goats differed

mainly by their high use of E. natalensis. #racies used in common

" Rt
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by the impalas and goats were C. molle and the evergreens E.
undulata, and C. bigpliosa. Al the animals showed an increase in
the use of E. natalensis in the late drcy season, but the
proportion of this species in the diet of the goats far exceeded
its use by the kudus and impalas. The goats, unlike the other
animals, continued to eat this species well into the growing
season. The kudus differed significantly in their use of D,
lycloides and C. gzeyherl in the dry season; they also made
extensive use of the newly flushed leaves of D, lycleides in
September when little other green browse was available. The

impalas alone ate much T. sericea, but this species was eaten

extensively as leaf-litter by both the impalas and goats,

b. leaf-litter

Fallen leaves of threw tree species, §. cocculoides, T, sericea
and 7. mucronata, accounted for half the leaf-litter eaten by the
goats in the dry season, and 86% of that eaten by the impalas. The
kudus ate little leaf-litter but 6¢% of that eaten was from S,

cocgulojdes trees. The kudus also ate the big leaves of C. zeyherl

which were not Eavoured by the impalas and goats.

Besides the three dominant species the impalas favoured D,
cinecea, S. pungens and A, tortilis litter in the early dry season

and Strychnos madagascariensis litter in the late dry seagon

{Table 4.4. ). The goats ate significantly less §. cocculoides

litter in the late dry season than in the previous season, having
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Table 4.4, The Proportion of the Total Feeding Time () Spent Eceding on Leaf Litter, T i
1. Rudus i
Early Growlng  Late Growing Barly bry Late Dry .0
Species Saazon season Soason season
LER®] LEF] LEST nwi7
Waun  SE Rank Hean SE Rank Mean G2  Rank Mean SB Renk
acacta burkel - e o e e o e e e A o
acagia catbea T T S K1 R % e
Aeacka nilotice - s e e . e o e .- «‘ . .
Acacla tartilis - s - e . - e e e . .
Burkea africana - -~ - - - - - - - ~ - - \‘
Contretn apioulacny . ;
Conprevs polle -~ - - - 4 - - - - Bmom s :
Conbretus zaghort R R I T
Dichrostachys cineces - - - - - - - - - .34 8,2¢ 3.5
Doneys soruitoltn “ . e e e e e o e .-
Eurles natalensis - - - - - - - - - - - -
Ewcles undulats “ e e e e e o e e e - # p
Grawia flavescens . e e e e e e e e e 2
Grewta ronticols e e e e e e e e e e . o
Lannea digtolor B T oo
Szaron panievtns L T UV .
Rhwg loptodietys P83 603 1 - L . »
Belorovarys cattra ~ . e . e e e e e e . =
Strychnog coceuloldes ~ - - - - - - - A9y 252 )
Steyehnos madegancarionsis ~ = = = o 4w . = . o .
Steyehnos purgens e e e e e e e e e .
Tersinalia serlono B T A KUY |
Vitex remmannt! A e e e e e e e e e e ; s
Ximenis catbea “ e e e e e e e e e o “ 5
24zipmus mucronaes - - . .. ... aaen 7 |
unidenksfied A e e e e e e e e e e
maize leaver W e e e e e e e e
t
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able 4.4, The Progorbion of the Total Feeding Time (t) Spent Yeading on Lest Litter, i
11, tupoles I
Facly Growing  Late Growlng  Eacly Dry 1ato bry j’
spectes Sasson Season sesgon Beason i
nez n=3e nw neiz |
Mesn SE Rank Mean SE  Ronk Mean SE  Rank Mean SE  Rank ; g
Accla burkel - - - dezBE2t - - = - - - B
acactn catéra E e T T i
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Dlatirostahys cinores e - e = - - 2o 5.5 1.82:6.58 4 (
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fuclen undulats e e e e e e e e e e e
Grevla Elavessens i e e e e e e e e e e .
Grevla monetcola W e e e e e e e e e e
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Table 4,4, The Proportion of the Total Pecding Time (1)

14, Goats

Spactes

Aczcla bucke
acacts cafics

Acacia nilotica
Acacta toretlts
Buckes africuns
conbratun spiculatun
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used up most of the Eallen leaves available within their home

range. In the late dry season the use of the ubiquitous [, sericea

litter increased significantly. The goats ate a significantly
greater proportion of T. gecricea litter than either the impalas or
kudus. The goats also began to eat some E. natalensis litter in
the late dry season and continued to do 50 until December when
plency of green foliage was available. The kudus and impalas did

not take E. natalensis litter.

Nene of the animals ate much B. africana litter and no 0.
pulchra litter was seen to be eaten even though the fallen leaves

of this species formed thick carpets under the plants.
c. Forbs

Fobs formed only a small part of the diet of the animals used in
this study. There was a great divecsity of forb species within the
study area. Approximatly 35¢ species weve recorded in the
enclosure for the tame animals, and there was much variation in
abundance of spacies between the two years of the study. The kudus
were seen to eat 46% of the species they en intered, the goats
ate 39% and the impalas ate 278. Consequently individual species
occupied only a very small proportion of the total feeding time.
For this reason only major differences in the Feeding preferences

of the animals can be proven statistically.
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Table 4.5, The Propoctin vt the Pime jpent Fueding on Pacba (3) Socupied by fndividual
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‘table 4.5, The Proportion of the Time Spent Peeding on forbs (L} Occupled by Individual ,; -
Forb Species, b ¢
11, topales .
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Table 4.5. Continued. . .
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Teble 4.5, The Proportion of the Time Spent Feeding on Fochs (3) bocupled by Individual

111, Goats
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Table 4.5, Continved, . . : 4
i
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i, Kudus

The major forb species in the diet of the kudus in the early

growing seasen were pollichia campestris, Chaetacanthus costatus,

and Elephantorrhiza cbliqua, all of which occupied over 10% of the
time spent feeding on forbs (Table 4.5.i.). Other important

species were Cassia capensis and Vernonia oligocephala. In the

late growing season the use of Justicia flava and Waltheria indica

increased significantly. C. capensis, and P, campestris contiried
to be well eaten along with Jysticia minime, plumbago zeylar

and sida cordifolia. These species with the exception of g,
capensis remained as the major Forb species in the early dry

season, with W. indica and g. gordifolia being the wost utilised

species. Together these two species accounted for half the time
spent feeding on focbs. The use of P. ¢ stris and J. flava
decreased towards the end of the dry season, but otherwise the
species eaten remained similar throughout the dry season, only the

perennial forb Lippea javanica showed an increase in vtirisation.

ii, Impalas

The Eorb species occupying the greatest proportion of the feeding
time of the Impalas in the early growing season were J, minims,
Asparagus suaveolens, C. goststus, P, campestris and J. fiava
(Table 4.5.i1). P. campestris was also eaten in the late growing
season along with payonia tcansvaalensis, W, Indicg, and 8.
Jpanduraeforme. The lattar two species accounting for 648 of the

time the impalas spent eating forbs in this season. In the early

i - b
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dry season there was a significant increase in the use of W.
indica until it became the dominant forb in the diet at 58% of the
forb eating time, P, campestris continued to be well eaten aleng

with H, grisea,and T. forbesii. In the late dry season W. indica

remained as the most important food species along with L, javanica

and to a lesser extent 8., cordifolia,

1ii, Guats

Iin the - -ing season the forb species eaten most by the

goats were . _:sea, P. campestris, A. suaveolens and BEvolvulug

alsing {Table 4.5.11i.). P. campestris continued to be eaten
throughout the year until the late dry season when there was a
significant decrease in utilisation as the plants dried out., T.
forbesii formed 278 of the late growing season diet of forbs,
significantly more than at any other time. M. teidentata was also
eaten in this season. In the early dcy season W, indica and H.
grisea fommed a significantly greater proportion of the feeding
time than any other forb species up to 8% of the forb eating time
being devoted to W. md_iga_ The goats continued to utilise these
two species throughout the late dry season together with S.

cordifolia and the leafless green stalks of J. flava.
iv. Comparison between the 2nimal Species
The dietary propoctions of forb species by the three animals

generally did not correspond very closely, nor for the common

species on a seasonal basis (Fig. 4.3.).

s,




4-~34

P. campestris was well eaten by all the animals when it was green,
Justicia species also appeared to be generally favoured but were

of patchy distribution and not always ercountered by the animals.

In the early growing season C, costatus was favoured by the
kudus and impalas but not encountered by the goats. Similarly E.
obliqua and V. ollgocephala, both favoured by the kudus, did not
ocour within the home range of the goats. The impalas did not
favour these two species, The thorny forb ?l suaveolens was
utilised more by the impalas and goats than by the larger kudus.
The goats alone had a high utilisation of H. grisea and E,

alsinoides.

In the late growing season the animals differed in their use
of many species, In particular much 5. pandutaeforme and W. indica
was eaten by the impalas. The goats differed in thelr utilisation
of T. forbesii and the kudus in eating much J.flava and several

spacies not available to the goats.

P. campestris and especially ¥. indica were important as food
plants to all the animals in the early dry season. At this time
the species utilisation by impalas and goats was significantly
correlated, but the kudus dJifferred In their higher use of J,

flava. and §. gordifolia.

The diets of the kudus and impalas were significantly
corrglated 1in the late dry season shen both species favoured the

stemmy, perennial forbs, L. javanica, S. cordifolia and W. indica,

- 3 Iy
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The goats used less of these species, instead they ate more J.

flava and the perennial H. grisea.

4.4,3, Species Selection : Selectivity Ratio

The woody plant species with the most foliage below 2.5 m., and
hence available to the large herbivoces,was the shrub Q. pulchra,
This plant occurs iIn thickets and accounted for over half the
available biomass of woody browse material in the enclosure at the

peak of the growing season. The shcub . £lavescens and the

dominant tree 8, africana accounted for a further 25% of the

available Liomass, while trees of . sericea, D. rotundifolia and

two Acavia s, ~cies, A, nilotica and A. tortilis, were also

abundant.,

a, Similarities between the Animal Species

When the relative quantities of each browse plant species eaten
ducing the late growing season were compared with the available
biomass of foliage of these species certain patterns of preference
emerge. The plants were c¢lassified into three groups: selected
species were of greater abundance in the diet relative to the
environment, non-selected sgpecies formed a smaller proportion of
the diet in relation to their abundance in the enviconment, while
species occupying a similac propoction of the diet to their
occurrence in the habitat wece classifed as intermediate. Faicly
equal numbers of the race woody plant species fell into the

selected and non-selected cateqories (Fig 4.4.). Species preferced
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Plant Species Code:~ GL = Grewia flava
AB = Acacia burkei GF = Grewia filavescens
AR = Acacia karoo GM = Grewia monticola
AN = Acacia nilotica LA = Lannea discolor
AT = Acacia tortilis LE = Lannea edulis ;
BM = Bridelia mollis MT' = Maytenus tenuispina !
BA = Burkea africana MS = Mundulea sericea B
G = Canthium gilfillanii OP = (xhna pulchra ;’ .
CB = Carissa bispinosa OX = Ozocoa paniculosa ;
KT = Cassine transvaalensis PC = Pappea capensis H I
CA = Combretum apiculatum PA = peltophorum africanum - s
CM = Combretum molle PU = Pseudolachnostylis
CX = Combretut zeyheri maprounifolia
bC = Dichrostachys cinerea RL = Rhus leptedictya ‘

DL = Diospyros lycioides RP = Rhus pyroides i

DR = Dombeya rotundifolia MO = Sclerocarya caffra ) .j‘
ER = Ehretia rigida SL = Securidaca longipedunculata [vM
EM = BErythrococca menyharthii SC = Strychnos cocculoides i

EC = Buclea crispa SP = Strychnos pungens (

EN = Euclea natalensis TS = Terminalia sericea

EU = Euclea undulata VYR = Vitex rehmannii

G8 = Gardenia spatulifolia XC = Ximenia caffra J
GB = Grewia bicolot ZM = ziziphus mucronata
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by all the ungulatées were the Rhus species, two of the three

Combretum species, Ehretia rigida, Ecythrococca menyharthii and

L. discolor. Species eaten in similar proportions to their
availability were the abundant species, G, flavescens, and two
less common species, Maytenus tenuispina and Securidaca
longipedunculata. Neglected species included Q. pulchra, the three
less common Geewla species, Acacia karoo, Mundulea sericea and two

evergreen species Gardenia spatulifolia and Ximenia caffra.
b, Differences betwsen the Animal Species
The selectivity ratios of the commen woedy plant species for the

three animal species were not significantly correlated (Fig 4.5.).

This was mainly due to the apparent selection for E. natalensis by

the goats. There are also differences in the selection of less

comnon woody plant species.

i. Kudus

The kudus selected Pseudolachnostylis maprounifolia and Lannea

eduris which were not encountered by the impalas angd goats in the

late growing season, B. africena and C. zeyheri were eaten in

similar proportions as they were encountered by th: kudus but were

not eaten much by the impalas and goats.

ii, Impalas

The impalas ate a zjreater proportion of the common thorny Acacia
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species and Z. mucronata than did the kudus and goats for which
these thorny species were non-selected. The impalas also had the
strongest selection for the spiny plant D. cinerea. T, Sericea was

eaten most by the impalas, but V, rehmanni, a selected food plant

of the kudus and goats was not favoured by the impalas. The

impalas alone ed Cassine te: lensis, Acacia burkei,

S. caffra and Canthium gilfilianii, all of which were favoured.

iii. Goats

The goats selected several evergceen species, including S, pungens
and the three Buclea species. These were rarely, if at all, eaten

by the kudus and impalas when deciduous plant were available.

4.3.4. Species Selection: Acceptance value

a. Behavioural Obsecrvations

The acceptance value of a plant species rarely reached 198%. This
may be because the animals eat a wide variety of plant species and
are possibly less likely to eat a plant if it is encountered sceon
after eating a plant of the same species. Whether or not a plant
is eaten must also be influenced by the presence of neighbouring

species of different palatability to the herbivore.

During a feeding bout the animals tend to feed on one level;

for example when feeding in the herbaceous layer the animals may

s
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ignore many woody plants in passing. This was particularly evident

for the impalas which spent much time grazing. The acceptance

value may also be influenced by the foraging patterns of the
;“r?é\' animals, Generally the goats Scored higher acceptance values for o

many species than the kudus because they forage slowly over a

s small area. The kudus, in comparison, were morc mobile so possibly

missed plants which would have been eaten by an animal moving more
slowly through the area. Consequentially it is not valid to o

compare the acceptance values for a plant species by different

animal species numerically,

b. The Acceptance of the Common Woody Plants Species Selected for

Chemical Analysis ’ .
i, Kudus

In the growing season the kudus had a high acceptance of G.

flavescens, D. cinerea, and V, retmannif (Table 4.6.i.). Species

eaten only when in new leaf were Q, pulchra, B, zfricana and B.

L fotundifolia. The acceptance of Q. pulchra increased temporarily

in January when a second flush of new leaves occurred following

. defolfation by caterpillars. The two Acacia species and C. molle

were of moderate acceptance to kudus., P, africanum and the

evergreen [, natalensis wece of lowest acceptance. The other two
v evergreens  §. ens and R. leptodictya were of moderate
acceptance in the early growing season but of low acceptance in

the late growing season when food was most plentiful.
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Table 4.6, Compacison between the Seasonal Acceptance Values of Common Woody Plants using the 2X2 Contingency Test.
£. kodus
Eacly Growing Season DIf.  Late Growing Sesson DIff,  Bacly Dry Season  DEff. late Doy Season  Diff.
Acceptance 5165 Accaptance 165205 Aoeptancs  EDS-LOS #ccepeance OB
Spectes + n oclass  oniz + o Qas ok v a oclass oz 3 p ocass o2
Acscta nilotica ¥ W ot ews ¢ ® £ sa7 6 34 D 1328se T 7 A T.dew
Acacia tortilis -8 - - B 12 B eew B B B esn Y] § ¢ -
Burkea afcicana 2 52 ¢ eme FUNE " TH 138 7 w2 b eI 4 u3 e 5eme
Combretun nolle 7 6 ¢ a0 6 75 ¢ e 6 45 ¢ 18 47 68 A 17.202m
Dichrostachys cinerea 32 178 B 2635t 42 A3 A Laye 3% 168 B a.ge2 [N Y 231
Dombeys catundifolia n e ¢ 2o £ 9 5 Lem 1 102 B 289 W7 72 € 123
Euclen natalensis 2 95 £ 263 e 9t e s 5 73 D ez 35 L3 8 19.690e
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ochna g S 1665 D S50zt 13 982 C  43.2pekn @ 3@ B 2086t 16 418 C 13.dagme
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Rhus le 18 7 c 8.985 9 2 u 2.837 2 I 3.207 55 un oa 2.648
Steyohnos pun, 17 L ¢ 5,94 4 a8 e o.007 5 1 D 2273 48 172 A 33SLAe
Zeminalia sericea 5 % o 3102 n n o< 1,457 4 2 B 3eTe 66 25 A GLISTeE
Vitex rehmannii 44 9% A 8.861 43 3 a 10,5740 38 9 A 2.467 62 a2 A 2.400
Class A = kighly favoured  Acceptance = 48+
8 = Pavoured =20 - 40
( Significance fevels : 4 P < B.85; * P < G.01; #++ p Cggol ) O = Intemediace =w-n
D = Less favaured =5-1
£ = Mon-favouced = a-3
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The foliage of most deciduous trees was st{ll available to the
browsers in the early dry seasou. The species Favoured by the
kudus cemained the same as in the growing season, hut with a
significant increase in the acceptance of V. rehmannii, The
acceptance of R. leptodictya also increased and it became a
favoured platt throughout the dry season. The other evergreen
species which have much tougher leaves than R, leptodictya
remained of low acceptance in the early dry season. In the late
dry season when most of the deciduous plants had shed theic leaves
the kudus significantly {ncceased their acceptance of most species
cetaining some leaves. The dried leaves of the deciduous species

¢, Jolle, 7. secices, and V. rehmannii were of high acceptance to

the kudus, but the most noticeable change was the marked increase

of the evergreen species S, pungens and %, natalensis. Of these
two species 8. pungens was the most favoured. Even in the late dry
season when food availability was at a minimum the kudus did not

eat P, afcicanum, The dried leaves of D, cotundifolla, B,

afcicanum and g, pulchea werd also of low acceptance. In Septembec

the new leaves of Q. pulchra emerged in advance of most other
woody speclies and were ceadlly eaten by the kudus, the acceptance

of these new leaves was 57%.
ii. Impalas
In the growing season the lmpslas had a high acceptance for G,

Elavescens, D. cinerea and, uplike the kudus , for A, nilotica and

T, sericea (Table 4.6.ii.). B, tortilis was favoured in the late

growing season but was of rather low acceptance in the early

EN -~ -
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drowirg season. The evergreens R. leptodictya and S. pundens were : IR
selected in the warly growing season when the deciduous plants ;
were still leafing out. By the late growing season the acceptance
of these two species had decreased and was similar to that of the
intermediate species C. molle and V. rehmannii. Some immature 0. Sy
pulchra leaves were eaten but generally 0. pulchra, B. africana, ;

D. rotundifolia, P. africenum and . natalensis were of very low

acceptance to the iipalas dur.,ng the growing season.

In the early dry season the acceptance of the impalas for D.

cinerea and the Acacia species decreased while the acceptance of . a

the broad leaved species C. molle, R. leptodictya and V. rehmapnii ‘

increased. The species showlng an increase in acceptance, plus D. i

cinerea and G. flavescens, were the favoured species for impalas

in the eacly dry season. The Acacia species, T. sericea and S.

pungens wece of moderate acceptance and the remaining five species

continued to be of low acceptance. The species favoured in the

late dry season were similac to those of the early dcy season but

with the addition of §. pungens and E. natalensis. The acceptance
of these two thick leaved evergreen species increased ‘:
significantly when the availability of deciduous leaves declined. i
Like the kudus the impalas favoured S. pungens over E. natalensis.

The acceptance of the dried leaves of T, gericea also increased.

iii. Goats .

the two pcacia species, B, afrigana, D, rotundifglis and Q.

1
i
{
|
|
|
In the early growing season the goats had a high acceptance for 1
i
!
|
|
|

- E—
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pulchra whi-l1 were only eaten when in new leaf, and for E, R
natalensis which had been a staple food plant in the dry season

and continued to be used in the early months of the growing i

season. P. africanum, T. gericea an! C, melle were of low
acceptance to the goats in the early growing season (Table 5

4.5.1ii.). By the late growing season the patterns of acceptance

of the goats had changed, The acceptance of B. africana, O.

puichra, D. cotundifolia and E. natalensis had decreased . :’A‘
significantly while that of G. Elavescens and C, molle haa risen

significantly. The favoured plants were now C, molle, R, LT
leprodictya, G. rlavescens, D. cinerea and V. rehma .‘,Q
Acacia species, T. sericea and E. natalensis were of moderate ;A
acceptance and S, purgens, P. africanum and those species eaten ; .

o only when in new leaf were of low acceptance. .

With the onset of the dry season the acceptance of the
deciduous plants, D, pinerea and G. £lavescens, decreased
significantly and the acceptance of E. natalensis rose, The

favoured plants in the early dry season were C. molle, R,

leptodictya, E. patalensis and particularly V. rehmannii. The

. microphyllous species, A. pilotica, A. fortilis and D, cinerea

c were all of low acceptance to the goats in the dry season. In the | .

depletion. Trees of A. nilotica, A. tortilis, D. cinerea, C. molle

late dry season the home range of the goats showed signs of -
] and T. sericea nolongsr retained many leaves within reacs of the

goats. The acceptance of B, natalensis increased very

significantly. This species together with R, leptodictya and V,

l rehmannii comprised the favoured species. S, ens, G,
|
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G. flavescens and D. cotundifolia were also of fairly high
acceptance. The goats, in contrast to the kudus and impalas had a

higher acceptance for E, natalensis than 5. pungens,

iv. Comparison between the Animal Species

Within each season the plants fell into three major groups,
favoured, intermediate and non-preferred, based on their
acceptance by browsing ungulates; within these groups are some
species which are eaten increasingly in the dry season and other
which are only eaten when in new leaf., Common woody plant species
genecally favoured in the early growing season were D. cinerea, G.
flavescens, V. rehmannii and the two Acacia species, but the
acceptances of the three animal species were not always
significantly corcelated (Fig 4.6.)}. The acceptance of the Acacia
species by the kudus was lower than that of the other animals, but
for V., rebmanpii the acceptance of the kudus was higher, T.
sericea was of high acceptance to the impalas alone and E,

natalensis was favoured only by the goats.

3. africana, O.pulchra and D. rotundifolia were eaten only
when in new leaf. These temporary food species were of highest
acceptance to the goats and of lowest acceptance to the impalas

which ate very little browse at this time of year.

In the late growing season the favoured species remained the
same as in the early growing season. The acceptance values of the

kudus and goats wece uigt ificantly correlated, but the impalas
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still had a lower acceptance for V. rehmannii than did the kudus

and goats although the difference was less than in the previous
season. The goats had a higher acceptance for C. molle, R,

leptodictya and E. natalensis than the impalas and kudus.

The acceptances of woody plant species by kudus and impalas
were significantly correlated in the dry season, the goats
differed slightly in their selection of plant species. In the
early dry season the acceptance of the animals for the acacia

species decreased, D. cinerea, G, flavescens and V, rehmannii

remained as favoured species, the impalas now having a high
acceptance for the latter species, R. leptodictya was also of high
acceptance to all the ungulate species. C. molle was favoured by
the impalas and goats but was only of moderate acceptance to the

kudus. The goats alone had a high acceptance of T, sericea and the

two thick leaved evergreen species, E. natalensis and S. pungens.

These species were only eaten by the kudus and impalas in the late
dry season when the availability of deciducus leaves was at a

mindmam,

In the late dry season the favoured plants were the deciduous

plants G, flavescens and V., rehmannii which retained the dead

leaves on the branches, and the evergreen species R. leptodictya
and §. pungens. The goats alone had a high preference for E.

patalensis. Of the three evergreen species the animals all had a

higher acceptance for the thin leaved R. leptodictya than for the
thick leaved species. The kudus and impalas favoured §. ens.

over E, natalensis, but for the goats the reverse was true.
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iv. Late Dry Season.
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Throughout the year all three ungulate species had a very low

acceptance of P. africanun and the mature leaves of B, africana,

D. rotundifolia and Q. pulchra.

c. The Acceptance Other Woody Plant Speciles

Several of the less abundant species exhibited high acceptance
values, but for many this was probably an effect of small sample

size.

i, Kudus

The kudus had a high acceptance for C, zeyheri and E. rigida

theoughout the growing season (Tables 4.7a.i. & b.i.). The

acceptance of g. longipedunculata, %, mucronata, and S,

cocculoides was also high especially in the early growing season.

The three less comnon Grewis species, G. bicolor, G. flava and G.
monticola, were of low acceptance as were A. burkel and most of
the evergreen species, The kudus continued to Xavour C. zeyheri in
the dry season along with E. menyharthii and S.longipedunculata,
In the late dry the acceptance of many woody plant Species

increased, including that of G. bicolor and G. monticola but not

G. flava, The acceptance of several evergreen specles increased,
the most favoured of which was E. undulata. At the end of the late
dry season the Eirst plant to produce new leaves was D, lycioides;

although tiny, these leaves were of high acceptance to the kudus,

. - i

.
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Toble 4.7.2. The Seasonal Acceptanze Values of Wosdy Plant Specles Not Chosen for
chenical Anslysis

|
;
1, Rudus §
e Rarly Growing  Late Growing Early Dey Lata Dry f’
a0 Spectes Season Season Beason season | Go.
Wcc nClass tce b Class WAca b Glass WAcc n Class i '*ﬁ
: Acscla burked 4 54 v 72 E e B E a 9 E z N
acacta kacoo 2 1 8 7 M C 16 6 C 13 8 c I
caelssa biopinesa @ 18 B © § E 8 4 - P 10w “
Conbretun zeyhers 4316 A S6 16 A 53 15 A T T A P o
3 Dicapetalum cynosun s W & 52 5 el E b 1% PO
Dlogpyros ysioides B c 0 B 19 M C W A C (.
Erythococca manyhacthfil 3 3 B 15 26 B . 14 8 25 12 8 i
: Ehretia riglda B 13 0B 3B 13 B & 2B & S 6 A R
. uclea undulata B 1 s @ % 5 @ 16 8 0 % A 3
- Gresta bicoloe w1 R 8 % E o e B T8 )
v Grewia flava 5 @ p 8 4 E » 3 E LI
c e Grevia ponticola 71 b 9 A 5 8 B 6 B A
Lannea dtscolor 18 B 16 S c e N oE 8 1 - | "
. tannes edulis 2 28 132 4 - W 1 - o~ - -
Lo Strychnos coculoldes 36 28 B 17 23 & ¢ 13 B 8 2 - |
R i Securidaca 4 3 A 1 % ¢ 3 6 B B 4 - -
el songipeduncolata
I 2iaiphus mucronata @ 2 A 13 15 ¢ 39 B C 3% 8 %

; ! Class & = Bighly Fovoured  Accaptance = 46+ 8 .
o ¥ 8 o pavoured - 20 - 48 »,

< = nternadiate » 16 - 28 ’

b = Less favoursd a §-10

B « Non-Eavoured 8-

e - TiaF
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Table 4.7.n. The Seasonal heceptance Values of Woody Plant Gpecies Nok Chosen for

Chemical Analysis

11, mpalas
Early Growing  Late Geowing  Early Dry tate Dy
Spoctes seuson season Season season
Wcc nClass e n Class WAcc n Class 3Ace  n Class
Aeacta burkel s 12 B 5 3 » B o1 & e 2 - ; °
Acacta kacoo w 5 A B 7 B 2 & 1 e 1 - -t
Caclasa bisptwsa W » B 8 12 0B 17 6 C 46 W A
Dicapetaiun cymosun o2 £ 61 E 82 E 0 5 E
Blospyeos lycloldes B B C ] 3 ®m o 3 6 C SR
Ecythrococca monyharthit 20 63 8 22 82 B 13 B 8 8 E °
Encetia eiglda % 17 B B 3 - B C w2 -
Euclea undulata 219 B B 4 - %5 24 A € 2 A i g
Grewla blosior ¢ W & 8 19 © 8 % E 7 13 D od
Gresda £lava 3wk 6 M E 9 BE 8 o5& Lo
Grewls monticola 1% & 34 B T B B 4 3 6 ; %
Lannt s digcolor B S B 4 u o ¢ 0o & & 5 & P
Strysnos cocculoldes 4 7 ¢ 8 16 E o 18 £ 8 1 - o7
Securidaca 3 128 17 17 c M 8 A 6 3 -
Longipedunculata °
Ziziohos mucronats 15 0® c W o2 ¢ K1 oc 20 58
T i Cass A = Highly favoursd  Acceptance = 40+
; , B w Favoured » 20 - 49 LT
Ny € = Inkormediate =10 ~ 28 L *
! D Loss tavourad .5~ P
r i £ = Non-Eavoured =0-5
N
L
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Table 4,7,8. the Seasons’  weptance values of Woody Plant Specien Not Chosen Eor ; *
Chenical Analysis |
i1i. Gasts :
Barly Growing Late Growing  Barly Dry tate Dry [
spectes Seasan Season Season saagon
WAce hClass WAcc  h Class ¥Acc  n Class %ce  n Cless ‘B
acacta burkes 0 W B 3 013 e 2 55 E - - . ; <"
Bridelia mollfs ® 8 w7 o¢ - - - - -~ i
Cactssa bispinoss 75 16 A 18 28 C M 17 B 6l 4 A
Dieapetalun cymosun o @4 £ ¢ 4 F 6w E S 2 D
Diospyros Yycloldes B f1 0 135 M C 6 2 o 58 23 A )
Erythrocecca menghacthl! 26 64 B § 12 e 22 7 B e 1 ~ N
fuclea undulata @ 22 A 6 15 A 11 45 C W 48 A e 1
Grewia bicolor 3% 4 8 8 4 - B W B B 6 & ] B
Growta flava N8 ¢ 46 1B A3 B E B 2 -
Grewia monticola 53 17 A 2 2 B 2 3% B 38 138
Lannea discolor 56 43 A 82 5 A e 1 - - - -
Strychnos cocouloldes 3 12 B 56 16 A s 2 9 - -~ °
Class A = Righly favoured  Acceptanco = 4B+
B = Pavoured =20 - 48 “
€ = Intermedinte -0 -2 | ‘]
D = Loay favoured = 5-1 :
& = Non-£avocad “ -5

w0 N roeoh
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Table 4.7.b. ‘The PAcceptance Values of the Less Common Woody é "‘1 ‘i
Plant gpeciss Brcounts ed Lass than 15 Times In Each Season. Lo
1. Rudus . ’
Species Growing Season  Dry Season 2R
Wcc n Class #acc 0 Clasa i
Acacla caffra n ki A 50 2 -
acacta hebeciada % 2 - - - =
Baclerta brenekasy! wo ot - - - -
sequavetodendron [ e
magal tesmontanun
Bridella pollis 138 ¢ e 5 B . 3
Canthtum gi1£532an11 ¢ 3 - e 4 - 4
Cassine tranaveslensis 13 16 © 8 12 D
Canbretum aplculatum 7 1 A 50 2 -
Croton gratissinus 8 1 - s 2 - {
Buclen octspa nos ¢ e 3 - . ;‘
Gardenta spatultfolls 2 & - b1 = i
Haytenus tenuisping 2 1 8 3 12 s ‘
Merdulen saricen 6 6 & 0 3 - I i
ozoros paniculona ™ B 2 o2 B A
Pappen capensls W oW e o8 12 A "
Protea welwftschi{ s 2 - - o= - T
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maprounattel ta )
Pygratsthamus veyherl ° 12 & 8 13 & .
fhus pyroides 55 15 A M 9 A i .
sclerearya catfra s 2 o & 2 - z z .
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Vitex monbassao [ T T I .
Ximanta catéra g 18 B 56 18 A .
. ¥ Class A = ighly favoured  hoceptanca = dnk
i B~ Bavoured "2 -0 .
‘ © » Intermediate - 18- 20 o
O D = Lass favoured = s5-18
. e E = Non-£avoured -5 °
N r




Table 4.

. The Acceptance Values of the Less Common Woody

Plant Species Encomtered Less than 15 Times Sn Sach Season.

if. Impalas,
Specles

wce

acacta cattra
Acacsa hebeclade

Barlecta bremekampt
Bequaertiodendcon
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Bridelia milis
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€lass A = Highly favoured
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“ e ee w e a
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A
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3 -
[
un =
. -
17 <
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6 2
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Table 4.7.b. The Acceptance

Flant Species Encountered Less than 15 Times in Bach Season.

114, Goats.
species

e
Acacla catfra -
acacia hebaclada -
Acacia karoo 29
sarlerls bremekanpi -
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Combcatun apleulanim EX)
Conbretun zeyherl )
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Euclea crispa -
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ii. impalas

The impalas had a high acceptance of E. menyharthii and E. rigida O N

in  the growing szason, L. discoloc was favoured when in new ' eaf,

and several thorny species including A. burkei, A. karoc and Z.

mucronata were of high acceptance in the early growing season =

{Tables 4.7.a,ii. & b.ii,). Pew of the less abundant woody species .

were of high acceptance to the impalas in the growing season.
o 4 Non-preferred species in the yrowing season included the three
Grewia species and the evergreen plants. E. undulata and S. !

longipedunculata were of high acceptance to the impalas in the dry P 1

season. The acceptance of the deciduous species, . rigida and 2. o
fmucronata, and the evergreen £, bispinosa increased in the late

dry season, The acceptance of the three less commom Grewia species

remained low. °

iii, Goats

L. discolor, Ozoroa paniculosa, 5. cocculoides,  S.

longipedunculata, G. monticola and several other less common woody
plants were of bhigh acceptance to the goats in the growing
& season, (Tables 4.7a.iii. & b.iii.) In the dry season the goats had
a a high acceptance for 2, mucronata, G, monticola, O, paniculosa

and the evergreens C. bigpinosa and E. undulata. Qe

iv. Comparison between the Animal Species

sh The :hyee ungulate species encountered the rare woody species .

b . .
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at different frequencies due to the differing proportions of time
they spent in each acea of the enclosure. In the growing season
the goats favoured many race species. The kuodus and impalas had a N
high acceptance for several species in the early growing season
but favoured only two or three spacies in the late growing season.
Generally favoured plants included 8. longipedunculata, E. rigida,

B. menyharthii, and Acacia species, The kudus and goats also e

favoured 8. cocculoides, and the kudus and Impalas favoured Z, H

mucronata. The kudus alone had a high acceptance for C. zeyheri.

The kudus and impalas both had & low acceptance for Q, paniculesa,

C. bispinosa, L, discolor and the three uncommon Grewia species in

the late growing season.

In the dry season the Kudus continued to be the only animals i
to favour C. zeyheri. All the animals showed a high acceptance foc R

E. menyharthii and §. longepedunculata in the early dry season and

for Z, mucronata and the evergreens C. bispinosa and E. undulata
in the late dry season. The goats favoured a greater variety of
woody plants in the early dry season than did the kudus and
impalas. fThese plants included G. bicolor, G. monticola, g.

paniculosa and S. cocculoides all of which were of low acceptance

to the impalas. The evergreen B. undulata was favoured more by the

impalas and goats than by the kudus.

The highly poisonous woody geophyte Dichapetalum cymosum was

not eaten by the kudus and impalas. In the late dry season when
the new leaves of this species flushed in advance of most other

woody plants, the goats however did attempt to eat D. cymosum. The '
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exact acceptance value for this species was not calculated as the
goats had to be driven away from these plants for their own

safety.

d. The Acceptance of Forb Species Selected for Chemical Anlysis

The Fforb species selected for chemical analysis were common in

198¢-1981 when the goats were studied, but in 1982 when

observations on the kudus were made E. alsinoides, 0. herbacea and

I.macra were much less abundant.

1. Kudus

The kudus had a high acceptance for P. campestris and I, macra in
the early growing season. The acceptance of P, ¢ampestris
decreased in the late growing season but it remained a favoured
species (Table 4.8.i.). The acceptance of J. flava increased
significantly in the late growing season and it became a favoured
species. In the early dry season the kudus continued to select the
same species as in the late growing season. The acceptance of 5.
cordifolia and W. indica Increased significantly throughout the
dry season until these two specles together with H. grisea were
the favoured common forbs in the late dry season. With the onset
of the growing season the acceptances of these three perennial
species decreased significantly. Forb species of low acceptance to

the kudus were Q. herbacea, E, alsinoides, and §. panduraeforme.
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il. Impalas

The {mpalas alss had a high acceptance for P, campestris during
the growing season, especially in the early munths. Other forbs
favoured in the growing season were T. forbesii and §.
panduraeforme (Table 4.8.ii.). J. flava was selected in the early
growing season and W. indica was of high acceptance in the late
growing season. The impalas retained their high acceptance for B.
campestris in the early dry season, and the acceptance of T.
indica, 8. cordifolia and H, grisea also showed a significant
increase in acceptance at this time. The acceptance of the latter
two species continued to increase in the late dry Season and these
two plants became the wost favoured forbs. The acceptance of the
perennial species decreased significantly in the early growing
seagon. Forb species of consistently low acceptance to impalas

were E. alsinoides and 0, herbacea.

iii. Goats

e, campestris was of high acceptance to the goats in the growing
season. They also selected E. alsinoides, especially in the early
growing season (Pable 4.8,%ii.). Other forbs selected in the early
growing season were H. grisea and W, indica, The acceptance of
these species declined significantly in the late growing season
when T. forbes{i was of high acceptance, The goats favoured T.
forbegii and I, magra in the early dry Season, At this time the

acceptance of H. grises, &. cordifolia and W. indica increased




4-43

significantly, The acceptance of the first two species continued

to ingrease as the dry season progressed but W, indica decreased

in acceptance. The favoured forbs in the late dry season wece H.
_a;_r_iie_g, J. flava and P. campestris. With the onset of the growing
season the acceptance of 8, cordifolia, W. indica and J. flava
decreased, The goats had & low acceptance for O, herbacea and §.

panduraefomme throughout the yeac.

iv. Comparison between the Animal Spacies

All the animals had & high acceptance for P, campesteis in the
growing season, J. flava was Favourad by the impalas in the early
growing season and by the kudus in the late growing season, The
acceptances of the impalas and goats were significantly cocrelated
in the growing season (Fig 4.7.). Both impalas and goats showed &
strong selection for T. forbesii in the late growing season. This
species was less common in the following year and the kudus did
not favour it. The goats had a high acceptance of the stemmy

pecennial forbs, H. qrisea and W. indica,in the early growing

season but generally these species were of highest acceptance to

the animals in the dry season.

There was no corcelation betwesn the acceptances of the three
animal species for forbs in the early dry season although B.
campestcis was  of high acceptance to all the animals, Again the
acceptance of the Iimpalas and goats was high for . forbesii, a
species not often encountered by the kudus. In the late dry season

the acceptances of kudus and Impalas were significantly

o

i
i
i
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correlated. Both had a rather low acceptance of P. campestris in
this season. Other than in the early dry season when it was of low
acceptance to the impalas J. flava was a favoured forb species in
the dry season. All the animals showed a significant increase in
the acceptance of the stemmy perennial forbs in the dry season
with the goats favouring H. grisea, while the impalas and kudus

preferred 8. cordifolia and W. indica.

Q. herbacea was the only species consistently not eaten by all
three ungulate species, B, alsinoides wai of very low acweptance
to the impalas and kudus, and §. pardurseforme was of low

acceptance to the kudus and goats.

e. The Acceptance of Dther Forb Species

Many forb species were eaten by the ungulates but were only

encountered a few times during cthe recording sessions,

i, Kudus

Of the more abundant forb species the kudus had a high acceptance
Eor the perennial forb L. javanica and plants of the genus
Justicia throughout the growing season (Tables 4.9.a.i. & b.i.).
In the early growing season many species were favoured, but of
these V. oligocaephala was most strongly selected. The acceptamce
of J. miniwa increased significantly (¥2 16.11 **) in the late
growing season then remained high., Fewer forb species were

selected in the dry season., The kudus continued to favour L.

fon - o

ol i
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Toble 4.9.a. The Seasonsl Acceptance Values of Forb Specles Not Chosen For };7 t
chenica) Analysis 1o
1. Hudus l "
Sardy growing  Late Growing  Early Dry Late Dy T
Species Season season Seasan Seasan LR
Wce  nClass thce  n Class MAcc  n Class GAce  n Qlass
Asparagus suaveolens 4 135 D e 73 E # 48 E % 35 E o
Slephacis madecaspatensis 6 17 C 4 55 b @ 52 £ 8 7 B -
casata capensis B 83 B S W ¢ 1l B B 228 B S
Chagtacanthus costatua 16 494 B 5 42 ¢ 9 3 - - - N
Comelina africana 1 248 B 8B %9 C 0§ 26 & - - = 7
Ceatbea blrsuta 0 16 £ 2 41 b @ A : 8 3 - :
Hlephantorehiza cblique 14 386 8 5 9 € 14 7 B - - ~ ¢
Padogea monticola 1 295 O e 22 & - - - e 18 E A}, i
Foliela fascicularis S % ¢ z.s2 b euUl E 6 M B !
Harmbetaedeia odorata 1@ 72 8 g 23 B 8 3 - - - - .
siypaxts obtuss Most s ¢ o5& - o~ - - - -
Indigofera comoga 5 21 ¢ 6 8 € [] o - - - - °
Indigotern daleoldes & 2 - 9 & B 9 8 B 8 2% E -
Justicls ansgalloldes 8 1@ ¢ § 2 & & 2 - 8 3 - ‘
Justicla Incerts 412 b 1015 5 18 s 0B & 3 - Te ¥
Susticia afnine B B 23 W A 12 A 2B 8 A [
!
Justcls specgulaefolta 1t 73 B 17 30 5 B 3 E - - L
Partnari capensis o z - e E & ¥ E 8 9B :E .
pavenis transvsalensis 6 53 C 1 b B 2 10 A 9 1 ~- o
Ruellla cordata s 2 ¢ 9 3 £ 8 o1 E 4 - ‘]
salacia retmannii L1 [ I - 9 4 - '§ . N
#1da albs ¢ 4 5 9 2o 4 ®E 8 3 - i1,
Solam caccineun 8 3 c 3 3 D @8 7T E W 8 A i
Thunbargia neglecta 3 34 o e 23 D 6 A - .- .- (
TriwmEetta sondecl ¢ = » e 24 B 2 - 1w oo z
Vecnonia oligocephala 23 198 A 3 3 b 8 12 ¢ 3 35 D 5
GClass A = highly favoured  Acceptance = 20+ 1 N
B = Favoured =10 - 26 "
© = Intermediate = 5-2 ‘g[ B
D = Less favoured s 1.5 i
& = on-favoured wg-1 i -

* - iz e
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wable §,9.2. The Sessanal Acceptance Values of Forb Species Kot Chosen for 1 1
Chenieal Malysis |
11, lmpstas
Barly groving  tate Growing  Bacly Dry Late Dry ‘
Species Season Season Season Eoason
#Ace N Ciass %ee 1 Class Wec  n Class %Ace  n Cless N
Aosnthosicyos nadiniana 9 23 € @ 15 5 o~ -~ - - - = I
Achranthes sfcula 8 % E 1SW b % 6 A - - - |
Achyropsis leptostachya 8 M £ e 23 E 4 14 E [ 2 - {
i ASPAragus suaveolens 12 683 8 3 34 D L) 3 - 1 % E -
; Slepharis moderaspatensis @ 45 E 0 25 B 9 6 % - .
Cusrle capensis 4 115 o 8 4 £ 8 16 € e 121 B
Chaetacenthus costatus 2 58 A @ 5 E - - - L] - "
Comoelina afcicana 1 247 o 114 » 4 57 B A 15 E
Comelina benghalensis e ¥ & @ 147 E @ B - - i
Comeling ackionizns e 2 e 8 3 E 8 2 - @ 2 - )
Comeling erecta @ 75 B 8 E T e - - - Yot
Cratbes pirsuts ~ 2 & 8 5 E % 45 A & 2 -
Elephantorrhizacbliqun 3 29 D 8 S] £ € & E B 2 -
Felicta fascicularis 6 8 ¢ 3 2% b 8 3% ¥ 8 oA 2 o
. Gonphcans celestioldos 2 5 D e 8 & e 2 & 18 1 - N
R Hermbstaedtia odorata 8 12 E @ 58 & 6 » 5 8 1 -
: ‘\’ diblscus subruntformls 8 57 B 1 % D o2 o~ - - -
% 1Indigotera daleoides 2 92 o e 22 B 8§ 4 C L 9 E i
Indtgotece vicloldes e 5 & g 17§ ~ - ~ - - = "
- ® Justicla ansgallotdes [ [T 6« 3 - - - - .
austicls incerea 799 & 8 & F A 4@ E - - -
” Justicts minima 8 9% A 5 3N c B W E 4 29 B
= Kohautls viegate 2 38 B 4 22 B 8 4 - - - - :
Lippe Javanica 6 1 8 6 1 ¢ 6 1B c 2 9 A
Ppentarchimum insipldun 8 33 E e 9 & 5 2 ¢ [ 2 i
Phyllanthus pacvulus 5 9 ¢ e M B [ Y - - - L
* Plunbogo zeylanica € 3 ¢ 7 ®» c % 2 ~ - - - \
T Fortulac quadrifida 119 b ¢ 8 E 0N 3 ~ - -~ - " .
. Precocorcus africsna 4 2 D e 12 § e 5 E . - . |
o




Tabls 4.9.8, Continved, . .

Ptecococcus africana

Rhynchosia confusa

Rbynchosia venulesa

Ruellia cocdata

Bebkuhela plnnata

Senaclo tneaquidens

5ida alba

$ida hoaptnect
Solame: coccineum
Tagetes minuta

Talimm catfom

Thunbergla pegiecta

Teiwmfetta sondeci

4 24 D [
4 2% E []
2 8 D 2
¢ 2 € ?
oM oE [
e 15 £ [}
s M E [l
5 2 [
4 46 D k3
2 M8 D s
8 4 € 9
6 25 & [
8 25 E °

Class A = highly fovoured
B = Pavoured
© » Intemediate
O * Lass favoured

€ = Nor-tavoured

12 s o 5
PR e 1
o b o 1
PO 3 2 1
162 LT
84 B ez
13 & @ 17
% B [JS+Y
s6 D e s
02 € 8 1
“ B B 1
P e &
7 oE a6

Aoceptance = 203
=10~
-5
.-

2

19
s

1

H b
4-50c b

ro

i R

H e 4

i

PR
P ;

‘e

03 - P
2 1n 5 -
8 1 - B
8 6 £
e € B
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Table 4.5.8. The Svasonal Acveptance Values of Torb §pecies Not Chosen for
chenical Analysis

141, goats,

Bacly growing  Lats orowing  Barly Dry tate Dry
Species Season Beason Beason Season

Wcc nClass Wce  n Clase Wee nClass WAce  n Class
Achranthes sicula 6 T E 3w D 3 WA - - =
Asparsgus saunder{ae 6 % E L] 3~ e 1a = & 7 8
hspacagus susveolens 23 183 A 2 2 A ) 7% D 2 45 D
Borrecin scabra e 2 E 1 148 D - -~ - - - -
Casaia capensis 6w & 29 6 A - ~ = = - -
Comuelina afeicana 518 ¢ 3 4@ D - -~ - 17 12 A
Coanelina srocts $ 2 B LUS B - = - = = -
Gompuicena celosioldes e 1 ¥ 8 32 B s 1 - - - =
iblscus mubceniformis  © 26 & B 75 & @ B B~ = -
Indigofera daleoides 8 20 E 1B 21 A §7 4 - 50 2 -
Justicla fncerta 8 24 F 8 5 17 12 B B 22 oa
pontacebinm fnsipldws 34 4 8 24 34 A 8 2 - & 2 -
Phylimthus parvslus 18 p 8 38 E - = = - - -
Portulscs quadrifida 2 5 0 8 15 E - ~ -~ - - -
Frarococeus: africans B 36 B 1 18 B 8 S A - - - -
Rhynchosia vonfugss 6 16 ¢ 9 22 ¢ [} 3 - pLi 1 -
Rhynetosta veiilasa 9 25 £ 13 4 B 9 1 - - - -
Senecio ineaquidens 8 12 ¢ 2 26 A 8 4 - 8 4 -
Solanum cocolmeun 7 3% ¢ 9 3 B W 8 58 € - "
Tageres minuta 5B £ 8 WE - - - - -

Class A = highly favoured  Accoptance = 20+

B = Favoured ERURY ]
€ = Intamediate = 5%10
D = Lesa tavaured -1-5

£ = Won-tayoured LECESY
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i
able 4.9.b. The Acceptance Values of Species of Yorb Gpecies T
Encounterod Lass than 15 Tines $n Each Season. B
o
1. Rudus .
species Growing Sesson  bry Soason .
Wee o Class $ec n Class .
Acalypha petiolaris 8§ 2z - - ~ -
Acmnthosicyos naudintans -~ - @ 4 =
Kchycanthes sicula - - 9 W E -
achycopsds leptostachys 5 29 € 1 18 B g
Mgathisanchesun bojert N 13 Ly 4 25 o N °
Aloe davyana » 5 A e 7 B o
#athoricun coopac P
Ankizons hatveyana BoWoE 6 7 B "
»sclepias £ruticosa LI s
Aspacagus buchananki 8 3 c [l i )
Asparcqus ssundurfae s 16 & 8 L E SN
Beotum angustifolium § 1w c ou o9 8 e
Bahinia mecranths w7 B 9 mo¢ L
Bogphane diatichs 58 8 L - ~ -
Borcaria scabra 1] 1 - [ 4 - Q
Bulblne angustifolia @ B 8 L 1 - ML
Cleome maciaca R ;
Conmelina erecta 5 B € L e :
Comeliny eckloniana 4 25 D - e - o {A
Carchorug kirkii s 85 E 8 2 - \ B
Crotilarta pislcarpa .- .. e & B [
Cyanotis apeclosa 8 6 - - - - 1 o
Coystolepis oblonglfolla @ 2 - - o~ = |
Dlcarocaryum zanguebacsm -~ - = @ 5 B ; L
Dicons nsarocephala - - - ¢ n ok i
Dipoards viride PR s 1 - ; e
Euphorbis {naequilatera ¢ 3 ~ - - - J
Felicta mrlcsta - - - 9 2 B P
Gledeolus oalcaratus w1 - e 9 -
Gomphrena celosialdes ¢ 5 B 2 17 E !
Hedicheysun keausatl 1

‘
'
¢
'




Table 4.9.b, Continued, . .

Hibiscus subrenifornis
Wenlzigta canescens
Hormannia boraginitlora
Indigetofa daleoides
ndigofera nebrowntan
wdigeters sordids
tndigefers vicloldes
Tpomea obscura

Tpomea comaneyt
Jutraphs zeyhers
Kalanchos pantcolata
Kohautia vicgata
Ledebourta graminifolia
Liniun fenesteatun
tippea Javanica
lantana rugosa
Melhants prostrata
Hecrenla teidentata
Fonchesa divaricatum
Nidorella resedtcorta
Dejoun canum

opuntls £icus indlea
oxelia cornteulata
varvetta zeyhor!
peliaea colonelanos
Pontarrhinus ineipiduy
Bhyilanthun pacvulua
vlunbago zeylanca
Polygala sphenoptara
Portulaca quadrifids
Prerococcus atricana
Raphionsony buckes
holelsaus teidentata
Rhynchosla contuas
Rhynchosis longi€lors

~

P

a e &

v s = a s & a

Y

P oW o
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Tatile.4.9.b, Continued, . . Lo
Rhynchosia venuloss @ 1 & ¢ 3B & 3
sehikubria pinnats w2 B 8 2 - v
Senocto Innequidens P I
sansclo venosus no%6 8 - - - o
sida ovata 4 727 b e 2z - "
8ida ehombotdifolia - - - B oW s T
Solanum seafucthianum 30 1 - o~ -~ =
Sphedunosacpus pructens 13 8 B - - - :
Sutera burkesns 7 6 B 8 1 - e
Tagetes minuta L
rephiosta Iuptnifolts 8 13 ¢ - - - f
Tephrosia langipes ¢ 18 E - -~
nesbules tercestels B . o M
Teiom€erta pentandra 7T N < 729 c L
“Trocheserta macrocarpa - - - 87 E ;
Tuebina oblongata .- - e 1 - !
Veronia stashelinoides - - - @ 2 - B
nidonzified ¥ L I <
Unidentitled 2 e 1 - w1 - ;a .
unfdonesEied 3 I
P1us 18 unidengifled species encountered only once o twice and i -
e — |
Cass A = highly favoured  Accoptance = 20+
B = Pavoured =10-29
€ n Intormediate “5-1
D = tagt favoured @ 1-5
£ » Nomtavoured =p-1 |
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Table 4.9.b, The Acceptence Values of Species of Forb Bpecies .
Encountered Lsss than 15 Times in Each Soason,
it. tmpalas
Spectes Growing Season  Dry Season "
Aec n Class #c  n Class owte
1 Acalypha patlolaris g 1 - - - i B
gathisanthenun bojerl 8 13 E 58 & - ‘, e
Aloe davyana o1 - .- e . ) R
Amataahus thunbergtl - - - 8 1 - v
Anthericun galpinii B 2 - - -
Antizoma harveyana ¢ 5 B - - - i B
ascleplas burchellfl 4 1 oz ¢ 2 - ‘ o
Aacleplas truticoss e 2 & - - - i )
] o Asparegus buchananit e 1@ B B 5 A yi .
. Asparogus saundertae 2 3 5 9 6§ & I
Boctun angustifollum W o B 9 W C { ”
Bauninta mactantha v 8 B 8 & E ; -
Biduns blpluats B2 - - . - | "
i Boophane disticha e 2 - - - - 1 N
Borcerla scabea B I :
) v Beayulinea denss 8 33 B & 12 A 5 )
S Bulblne anguseifolia B3 2 e 2 - [
i g Claome maculata 8 8 E B 1 -
; Caratothocs Scilebs I . s
o Comnelina Mvingatonel 8 s - = = -
R Conyza Eloeibunds e 3 - - .
[ = q corchorus iekid 4 16 €& ¢ 3 = E -
S e Crotilaria pisicacpa @ 4@ = 5 4 - i
: Cyarots spocioss e % B - - - J 5
Ny Gyphocacps anquatifolla 8 2 . - = = "
o Dlcetocaryun zanquebariun 8 26 £ 5 48 C
‘ Dicona macrocephala e 9 3 [ 2 -
- Dipeards marlothil e 1 - - . - ’
Dipeards viride ¢ 2 - - -
2 Buporbla Inssquilaters 6 5 B - - - 3
! l .
. [
1
|
‘ |
{
BT . P ot
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Table 49,0, Continued. . .
Pr monticola a6 & a1 p
Pelin!. muricata 1217 U o 15 E
Qladeolus caleacatus ¢ n & 5 2 -
Gonghrena celostoldes s s & ¢ 1 =&
bemizlal . macens - e -
Henizigs . - tensls o 1 - 8 2 -
Heemannia boraginiflora 6 18 ¢ e 2
Hibiscus meevssl 40 5 A L] 2 -
Rypoxis obtusa LI
Indigotecs comosa @ 4 - - - -

. Indigotecs distlr ma e
Indigofera filipes 8 14 E - - -
Indignpera nebrowniana s ) E @ 4 -
ndigoters sordids’ g 4 - - - .
Ttpomes obscura 3 3 o - - -
Ipomea ormaneyl e 4 - 2/ 3 A
2atropha zeyhart a0 - . -
austicla spergentolis 33 8 R 8 2 - .
Kelanchoa pantcalata e w 5 e 13 & .
ledebourts geaninitolla 0 2 - - - = O
Leucas neufiizeana T .
Limeun fenestrarum 3 3 - - - - .
Lineu viscomin L SN X
Lantana rugosa 4 % D 8 13« °
lophlocarpus tenalsatnas 8 3 - - = - .
Halhania progteara W o2 - LI A
Neccumla triduntats LR - B S L
Hidarells coseditoils ¢ 2 - b o2 -
Ocim canum [ e @ 4 -
opuntia Eleus-Indlca s 15 £ 8 o1
oxygentum deegeanim LTI - e .
Oxygonon BOmalun B3 - PO "
Sellsea colomelanos w5 e e 1 - Lo
shyllanthys maleraspatensia 8 11 K o .
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Table 4,9.b. Continued, . .

i
Polygala sphenoptera 6 47 ¢ 8 1 - i 1

praracoccus africans 3% b v s & j
Raphicnace burked e 3 - - - R
Rynchosia longiflors 2 1 - 8 3 - ( )
Rhynchosta monophylla 8 1 - - - - S
Rnchosts rinenosa g u £~ - - o
fuellta malacophyila 8 1 - o~ - -
Regllia patula 0 1 - ~ - - -
salacia retmannit & 3 - Bz 4 - .
senecto longlfolia s 2 - ~ - - o b
Senacia venosus - - - 812 = P
S1da ehcysantha w1 o~ 8 2 - -
sica ovata B 1 - - - - "
sida pssudococdifolia 9 2 - -~ - -
30 4 Jonbotalfolia - - - e ow ok o
Solanus incenon s 1w ¢ o~ - - ’
Solanum seaforthianu 8 1 - - - - B
Spedenocacpus prurtens 8 3 -~ 8 & @
strigs astaties 6 1 - o~ - Lo,
Strige gesnertoides 8 1 -~ -
Stylosanthes Eruticoss ¢ 6 & 8 3 -~
Sutera burkeana o 1 - - - -
fepheosia longipes e 3 - 8 1 -
Teibulus terrestris [ A Lo no
Tetunferea pentandca 5 4 - 8 1 - :
Veenonta fastiglata 0 3 - o~ - -
vermenta nenocephola & 1 - - e e
vernonle Jllgocephals 7 B 7 M c !
Vernonis poskesna - - . e 1 &
Zinnez multi€loca 8 B & R
Zornla capenels [} 1 - - - -
Plvs 55 unidentified spiclos encounteced only ance or twice and
not seen ko be eaten,
Clags A = highly favoured  Acoeptance = 20+

8 = Pavoured - 20

€ = Intermedtate = 5-18

D = Lese Eavoured = 1- §

& = NonEavoures - 8-1 -
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able §,9,b. The Acceptance Values of Specles of Forb Speclas e
Pacountered Lass than 15 Times in Fach Season. i

141, Goats S
species Growing Season  Dry Season v

Woe 0 Class Wec o Class 1 iy
Achyropsis leptostacthys 27 18 A 3% 22 8 N
Acalypha petloleris [ w .
Acanthosicyos nawdintans 8 8 B - - - P "
Igathisanthemom bofer] e 15 B e 1 -
Aloe Gavyana B 1 - - - -
Anthericus galpinii - - - 8 1 -
Asclepias burchallit %5 4 - - - - B
Asclepiss Eruticosa % 23 A - - -
Aspacagus bochanantt P S 3
Bectu angustifollus 2,15 A - - .
Bauhinia maceantha @ 5 A - - - .
Brayullnea denss o2 - - - - . Y
Cossia shsus 0 s B - - ot
Ceome maculata 8 5 A - - - - .
Comvelina henghalensis B 54 E - - - D
Comelina eckloniana e 2% & - - -~ N
Corchorus kirkil e 9 & - . -
Crabbes birsuta £ 18 E 8 5 A v nE
Crotilaria sphasrocarpa 8 1 = - . - .
Cyanotis speclosa 1] 4 - - - -
Cyphetarpa angustifolia 5 2 - - . -
Dlcscoceryum zabgucbarfon ¢ 5 £ g 4 -
Dicons maceocepials 2014 £ s 2 =
Elephantorchiza obliqus s 3 - . -
Euphorbla inaequilatera 2 22 B a 3 -
Fadogea monticola N
Pelicia fasuicularis 5 40 c s c
Erltels murlcata s 8 &2 M 71 8
Gladeotus calcaratus % 4 - - -
Hernbstasdtia odorata @ 2 A - - -
Hermannia boreginiflora e 15 E - - -

.
it Ed e
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Table 4.9.5. Continved, . . j .
T

Hibiscus meousel ¢ 6 B - - . P
Hypoxis btusa B 4 - - . | .
Indlgofeca canasa 8 1 - .- - R : ,
Insigotera distincha - - . s 1 - [
Indigofera nebrowntana IR D ?
Inasgofera sordide 8 1 - - . - i
Tpomea onmaneyt ¢ 4 - 2 8 a
Jakropha zeyhect ¢ 9 F & 2 - 1
dusticla anagallotdes @ W 2 - - - -
Justicia spurgulaefolia 8 15 & e 26 E { e
Kalanchoe panicilata W 2 8 a1 - HIC .
Kehautia virgata 4 u - - - - N “
Limeun fenestratun 0 1 - - - - B
Uppea Javanica 8 15 & 17 12 B Nﬂ
Tantana cugosa M7 B - - -
Helhanla grostrata 3 3 - .- e . o,
Hatrents tridentata nomoa - - - N °
Nidoralla resedifolia & 3 - 8 1 - Lt
Oclmm canan 4 6 B - - -
Gamtia Eleus-indica e 7 E ® 12 &
Oxalis coenfralata @ 4 - - - -
savontn teansvoatenais v o2 R - - .
Pellaea colomelancs - . 5 1 -
Flunbago zeylantca 513 b - - -
Polygala sphenoptera 8 22 E L} 1 -
Raphionacma turkel € 1 - - - -
Rhynchasia longifloca I
®hynchosia denei lara L
Ruellis cordata 8 6 B 0 1 .
salacia camamii 2 - . -
Sehkuhria pinnats 8 W & - . -
81da albe $ 1n c - - -
5ida chrysantha € 3 - - - .
sida hosptnec @ # 5 8 8 &
sida ovatn 8 1 -~ . - .
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oo
rable 4.9.b, Continued. . . i
o
si6a pseadocordifolin 8 1 - .- o~ - [
stda chonbofdifolia - - - 8 1 -
Solanm {ncanm % 8 A 8 2 -
Solamum seaforthianum L] i - - - -
Stylosanthes fruticosa 8 N £ - - -
“Tal inum caffeun 7015 c - - -
Thesium cytisioides e 1 - - - -
Tephrosia longlpes ¢ 2 - [P
Tephrosta loplnifitoMa B 1 - - - -
Tranburgla neglects e u £ - - -
Teiuntetta sodect 6 1 E M 7 8
vernonla fastigiata z - - - -
vernonla oligocephala 3 El - 198 1 -
Verronia poskeana ¢ 6§ E - - =
Vernonia stachelinoides L] 1 - - - -
Zinnes muteitiors ¢ 8 £ - - -
. Untdentified t - -~ - @8 1 -
5 ntdentitied 2 - - e 1 -
§ thifdentitied 3 - - B 100 1 -
Plus 22 unfdentified species ancomtaced only once o¢ twice and ‘
: C net seen o be oatan,
. Class A » highly favauced  Acceptance m 20+ 4 k.
K B = Favoured =10~ 20 4
L € = Internodiate = 5-10
. D = Less favoured 1.5 1'
cl € = Nan-fsvourad o=l ‘
o i
|
. C
.
P i
¥
I T V" G e



javanica and J. . Other Forbs favoured in the early dry

season were P, transvaalensis, . capensis and Justicia incerta.

Forb species of consistantly low acceptance to the kudus were A,

suaveolens, Triumphetta sonderi, Fadogea monticola and Felicia

fascularis.

ii, Impalas

The impalas exhibited the highest acceptance for J. minima in the
early growing season (%2 5.58 *); in the late growing season this
spacies was of intermediste acceptance, Other species selected in

the early growing Season were ¢, costatus, Becium angustifolia, L.

javanica and A. suaveolens (Tables 4.9.a.ii & b.il.). In the late

growing season only Pterogoccus africana and M, tridentata were of

high acceptance te *he Impalas. In the early dcy season the

impalas increased tnelr acceptance of Brayulinea densa (x2 15.65

#%%) and Achyauthes spicula (x2 75.53 **¥), Crabbea hirsuta was
also favoured, In the late dry season few forbs were selected, in
this season L. Jjavanica and J. minima were the favoured forbs.
Species not eaten by the impalas included Blepharis
madecaspatensis, gida alba, Sida hoepfneri, Achyranthes
leptostachya and many less common species,

iii, Goats

Few forb species were of high acceptance to the goats {Tables

4,9.a,4ii, & b.iii,). A, suaveolens and pentarghinum insipidum

were favoured throughout the growing season. In the late growing
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season ¢, capensis and Senecio inaeguidens were also selected. the

goats had a moderate acceptance in the late growing season for two
species known to be toxic to livestock, Kalanchoe paniculata and
asclepias fruticosa. The goats had a high acceptance for J,

incerta, A. spicula and B, maderaspal s in the early dry

season, even though all three of these species had been of very
low acceptance in the growing season. In the late dry season the

goats ate few forbs but continued to favour J. incecrta,

iy, Comparison between the Animal Species

Between the animals the encounter rates with individual forb
species varled greatly due to both area selection differences and
to the differences in the species composition in the two years of
the study. In the groving season the kudus and impalas favouced L.

Javanica and Justicig species, especially J, minima. The goats had

a lower acceptance for Justicias and rarely encountered L,

javanica, The impalas and goats favoured A. Suaveolens but the

Kudus has a low acceptance for this thorny forb, The goats had a
moderate acceptance in the late growing season for K, paniculata
and A, fruticosa known to be toxic to livestock. These two species
were rejected by the impalas which encountered these plants at a
similar frequency as the goats, The kudus rarely came into contact

visth these species,

In the dcy season many forb specias died down. The kudus and
iwpalas continued to favour L. javanica and J. minima. The forb A,

spicula was favoured by both the impalas and goats in the dry
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but was not often encountered by the kudus. N
4.3.5. species Selection: Peeding Duration
a. Common Woody Plants . = -

The animals rarely ate from one plant or a group of individuals of
~ species for moce than five minutes, even when feeding on
cree or clump of bushes. The variation in the time spent

feedliy on plants within the same species was great.
i. Kudus

he kudus cacely fed for longer than an average of 48 secords on I
i
individual plants of any species. In the early growing season the i

average duration of feeding was greatest on Q. flavescens, C.

mol”  and the evergreen 5, pungens (Table 4,18.i.). The maximum

time spent eating any one plant was five minutes for G.

flavescens. A few plants of D. cinerea and §. pungens were eaten

for up to three minutes. R, leptodictva was fed on for an avarage B
of 78 seconds in the late growing season, Qther favoured species Pl

were D, cinerea, §, flavescens and V. rebmannii. The maximum .

feeding ducation recorded in this season was six minutes on D,

cinecea and ¢. flavescens, Plants eaten for less than an average
of ten seconds in tha growing season were £, natalensis and P.

africanum,




Table 4,18, Duration of Faedlng (seconds) on Individual Wsody Plants,
1. Kudus
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Sponies

Acacta nilotica
Acacia toctilis
Buckea sfricena
Combyratun nolle
Dichroatachys cinersa
onbeys rotundifolls
Euclea natalensin
Grewia Elavescens
Ochna pulchea
Peltophorun afescanun
Rhus deptodictya
Steychnoa pungens
Teeminnlia sarfcea

itex robmenn(l

Tablo 4.18, Duration of Feeding (secends) on Individual Weody Planta.
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Species

Acacta olotics
Acacta tartills
Burkea af¢icana
Coutpratun molle
Dlancostachys clneres
Doneya robundifolia
Euclea natalensis
Grevia flavescens
oohns pulches
Pedeophorum ateicanum
/tas leprodictys
steychnos pungens
Teminalfa serices
Vitex rahmannti

Table 4.1€, Durstion of Faedlng (seconds) on Individus) Woody Pants.

111, Goats
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In the early dry seasen . wy species were eaten by the kudus

for an average of 30~40 seconds. The evergreens and A. hortilis,

8. africana, D. rotundifolia and 0. pulchra were of shorter

Feeding duration. 2gain the longest individual feeding times were

recorded on D. cinerea and G. flavescens. The duration of feeding

on the evergreen species R, leptodictya and 5. pungens increased
in the late dry season, but the average time spent on plants of B.

africana and the microphyllous species was very low. The longest

time the kudus were cecorded feeding on any tpe plant was nine

minutes on §, pungens In the late dry season.

ii, Impalas

The aversge feeding duration by impalas on woody plants was
generally less than half a minute in the early growing season.
Only plants of §. flavesgens were eaten for longer, up to threz
minutes on & few occasions (Table 4.1@,ii.). In the late growing

season the impalas continued to favour G. flavescens along with C.

molle, D. cinersa and A. tortilils. The longest feeding duration

recorded in this season was six minutes for D, cinerea. The

avergreen E.natalensig, and those species generally eaten only

when 1In new leaf, were rarely eaten for more than ten seconds by

the impalas.

8. _pungens plants were eaten for an average of 60 seconds in

the early dry season. The Agacia species, D. ginerea, Y. rehmannii

and P. africanum were also favoured. The longest individual

feeding ducrations were on D. ginerea and the two Acacia species.
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melle, T:

In the late dry swason the deciduous plants C

and P. africanum were eaten For longest by the impalas. The
maximum time spent feeding on any one of these plants was two to

theee minutes,

iii, Goats

In the early growing season the goats fed for more than 3¢ seconds

on E, natalensis, D, rotundifolla and A. nilotica plants, spending

up te three or four minutes on individuals of the first two
species (Table 4.1@.1{f.}. Only R, leptodictya was eaten for less
than ten seconds on average. By far the longest duration of
feeding in the late growing season was on V. rehmannii plants. §.
fiavescens plants were also favoured, one filant of this species
was eaten by the goats for twelve minutes. fipecies eaten for less
than 38 seconds included A,  tortilis, B, africana, D.

rotundifolia, R. leptodictya and P, africapum.

Despite the low feeding duration on R, leptodictva plants in
the growing seasod,individuals of this species wece fed on for an
average of 140 seconds, and a maximum of ten minutes, in the early
dry season, Other favoured plants at this time were the deciduous

species €, molle, D. gotundifolia, and V. rehmannii. Only A.

nilotica, Q. pulchra, B, afcicanum and 8. pungens were fed on foc
less than an average of 3¢ seconds. The species fed on for longest

in the late dry seas 1 was E, patalensis. The goats spent up to

elght minutes feeding on plants of this species. The leaves on the

deciduous plants were spacse In the late dry season and the goats

o e o
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£ed only for a brief period on such plants.

iv. Compacison betwezen the Animal Species

The duration of feeding on individual woody plants was
significantly cocrelated in the eacrly growing season for the kudus
and impalas, but there after no significant correlations were

observed (Table 4.8).

The goats were the only animals to have a long feeding duration

on E. natalensis; for D, cotundifolia the pattern was similar but

iess clearcut. For the kudus and impalas G, flavescens was a
favoured Tood plapt, but on average was eaten for slightly shocter
periods by the goats. The impalas tended not to eat browse plants
for long iIn the early growing season, but prefecred to feed on

grass.

V. cehmannii was favoured by all the animals in the late

growing season, D, ginecea and G.flavescens plants were also eaten

for longer duration than most other weody plant species. Although
the former species was eaten by the goats for slightly shorter
periods than by the kudus and impalas, and the latter was eaten
slightly less by the impalas. The impalas spent more time feeding

on the thocny Acacia plants than did the goats and especially the

kudus. None of the animals ate D, rotundifolia.

¥, rehmannii continued to be favoured by all the animsls in

the late dry season., The kudus and impalas also favoured A.
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niletica and D. cinerea, the goats had a lower duration of feeding

on these specles, C, molle plants were eaten for longest by the

impalas and goats, Neither 3, afri

ana nor 0. pulchra were eaten
in this season. The goats alone ate D. rotundifolia and had the
highest feeding duration for R, leptodictya. The kudus fed for
longec on G, flavescens and T. sericea plants than the other

animal species did, but ate no P, africanum, The imprlas alone

favoured §. pungens.

In the late dry season the leaves were scarge on the deciduous
plants, None of the animals fed for long on the microphyllous
species. The goats had the longest feeding duration of g,
natalensis and D. cotundifolia while the Iimpalas favoured C.

molle, T. sericea and P, africarum. The kudus had a long feeding
duration on many woody plants in the late dry season but R.

leptodictya and §. pungens were fed on for longest,

b, Common Forbs

The animals usually fed on an individual forb species for an
average of less than a minute, Feeding durations on forbs are
limited by the size of the plant except in the case of those
species growing in larga clumps.

i, Kudus

P. campestcis and I, macra were the forbs eaten for longest by the

kudus in the early growing season, The maximum time spent feeding

- R T W,
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on any one plant was 85 seconds for P. campestris (Table 4.11.i.).
In the late growing season J, flava, W, indica and §. cordifolia 1
were fed on for up to one minute, but generally less than half a . -4
minute,
J.flava and §. cordifolia continued to be favoured in the

early dey season, along with P. campestris, Plants of J. flava and H ;_V
P. fampestcis wer saten for up to two oc three minutes. The three
plants eaten for longest in the early dry season, plus W, indica, «
were the favoured species in the late dry season, These are all
species with a clunped growth pattern. pecies eaten for only a
very short time throughout the year were E. alsinoides and 0.

herbacea, both of which grow in a dispersed pattern,
ii, Impalas

The impalas spent up to one minute feeding in J, flava patches in
the early growing season, but the avecage feeding ducation was a
quarter of this time (Table 4.11.ii.), In the late dry season W,
indica and B, campestris were favoured. The impalas spent up to

five minutes feeding in W, indica patches.

The same species together with T, forbesii were eaten for
longest in the early dry season. J. flava replaced T, forbesii in
the late dry season. Again the longest times were spent feeding on
W. indica, Plants not eaten for long by the impalas were E.

alsinoides and Q. hecbacea,




Table 4,11, Duration of Feeding (seconds) on individual Forb Plana,
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Spectes

volvulus alstuofdes
Hsemannia grises
Indlgotaca masrantha
austicta flova
Gldenlandia hechaces
Pollichia carpestris
Sida cordifolla
Solanus panducaatorns
‘rephroaia forbosit
walthaela dndica
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Fable 4,21, Duration of feeding (seconds) on Individual Poch Planta,

1L goats
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iii, Goats

The goats had the highest feeding i -ation on J. flava in the
early growing season, but spent the maximum time on individual
plants of P. campestris, W. indica and H, grisea (Table
4,11.144.). In the late growing season the favoured plants were P.
campestris and T. forbesii, with a maximum of three minutes being

spent eating T, forbesii.

J. flava, P.campestris, W.indica and H. grisea were eaten for

longest in the early dry seasen, up to four minutes being spent

eating W. indica. In the late dry season J. flava was the favoured

forb grecies. The plants Q. herbacea and S. pandur-eforme were
least favoured by the goats throughout the year.

iv. Comparison between the Animal Species

In the early growing season plants of P, campestris were eaten for
relatively long durations by all thcee animal species, but the
patterns of feeding durations for the animals were not
significantly correlated in the growing season (Fig 4.9.) J. flava
plants were eaten for longest by the impalas and goats. Only the

kudus favoured I. macra. The goats alone fed for long times on H,

geisea and W, indica plants in this season.

By the late growing season all three animal speciea fed

longest on P, campestris and J, flava plants. T, forbesii was of

long feeding duration to the goats and W, indica to the impalas

i
i
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and kudus. Species eaten for only a few seconds, if at all in the

growing season were E., alsinoides, . herbacea and 5.

panduraeforme.

In the early dry season P, campestris continued to be favoured

by all the animals. J, flava was favoured by both the kudus and

goate- The feeding durations of thesa animals were significantly
correlated at this time. The kudus alse favoured S. gordifolis. W.

indica was of lony feeding duration to the impalas and goats but

the fwpalas also favoured H. gclsea. The goats alone favoured T,

forbesii,

In the late Gcy season J. flava and W. indica were universally

favoured. The impalas and goats also favoured P, campestris. There
existed a significant correlation between the duration of feeding
on forbs by these two animal species in the late dry season. The

kudus differred in that they continued to favour S. gordifolia.
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4.3.6. A Comparison of Techniques of Measuring Species Selection -

a Conmon Woody Plants

i, Dietary Proportion and Acceptance value

The dietary propactions and acceptance values of woody plants were -

correlated for the kudus during the growing season (Fig 4.16.). In

the late growing season this crelationship was mainly due to their

high acceptance of the two principal dietary species G. flavescens PR

and D. cinerea, The two measurements of species selection were not
correlated for the kudus in the dry season.This was due to a high
acceptance of the less common species V, retmannii which did not

account Ffor a large proportion of the diet in the early dry

season, and the converse trend for G. flavescens. In the late dey ‘

season many deciduous species were of high acceptance when they

bore even a few leaves but contributed little to the diet. No

correlation was observed between these two measucements for the
impalas and goats in any season. In both cases this was due to a

high acceptance for the Acacia species in the growing season and a

high acceptance of the relatively less common R. leptodigtya in

the dry season. None of these plants accounted for a large part of

the diet. Thus the proportional representation of a plant species

in the diet of an animal was generally not representative of the i

animals preference, but is affected by the availability of food
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items.

i1, Dietary Proportion and Feeding Duration

The ducation of feeding on woody plant species bore no
relationship to the relative proportione of those species in the
diet of the kudus (Fig 4.11.) This was due to a long duration of
Eeeding on many Species, including V. cehmannii and R,

leptodictya, relative to thelr contribution to the diet. The

disparity between these measurements was less for the fmpalas and
a significant correlation developed in the late growing season
when they f=d For the longest average durations upon the two
principal dietary species. For the goats the dietary proportion
was correlated to the feeding duration in the late dry season and
early growing season when these animals fed wmainly on E.
natalensis, But in the remaining two seasons a long feeding

ducation on ¥, crehmanni{ and R. leptodictya prevented a

significant correlation developing between these two measurements.
tlence the time an animal spends feeding on individual plants of a
species is a poor indication of the guantitative importance of
that species in the overall diet. The duration of feeding on a

plant was a measure of preference rather than utilisation.

iii, pietary Proportion and Selectivity Ratio

The selectivity ratio records the use of a plant species in

relation to its abundance in the habltat. There was no correlation

between the time spent feeding on plant species and the relative
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selection of species as measured by the selectivity ratio (Fig
4.12.). G, flavescens and for the kudus and impalas, D.cinerea,
were of greater importance in the diet than indicated by the
selectivity ratio, both are common species, For the kudus and
goats, and to a lesser extent, the impalas the species C. molle,
R. leptodictya and V. rehmannii were of high selectivity but low
dietary proportion. Again the indication is that an animals
preference is different to the dietary proportion which must be

related to the relative availability of plant species.

iv, Dietary Proportion and the Abundance of Plant Species

Comparison with measures of preference indicated that the
propoction of a plant species in the diet of the animal was
influenced by the abundance of that species in the habitat.
Overall the propoctions of common woody plants in the diet of
browsing ungulates were not corcelated to the abundance of the
species (Fig 4.13.). The animals spent only a short time feeding
on several of the most abundant species such as Q. pulchra, yet
the time spent Cfeeding on other species was disproportionately
large. This indicates that althouwgh the relative use of plant
species by the animals may be influenced by its abundance the

animals are definitely selective in their choice of food items.

v. Acceptance Value and Feeding Duration

These two techniques both measure preference rathec than

utilisation of plant species. For the kudus the acceptance of
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woody plants was significantly correlated to the duration of
Eeeding on individual plants in the growing and early dry seasons,
while in the late dry season the duration of feeding on individual
plants appeared to be restricted by the sparsity of leaves
remaining on the deciduous species (Fig 4.14.}. For the impalas
and goats these measurements correlated only in the late growing
and late dry seasons. A long duration of feeding on the few times
that certain plants were eaten was the cause of the lack of
correlation., The feeding patterns displayed by the two techniques
for measuring preference gave wmore similar rcesults than were
obtained by measucing the proportions of woody plant species in
the diet, however the correlations between acceptance and feeding

duration were still not very stfong.

vi. Acceptance Value and Selectivity Ratio

The acceptance of woody plant species was significantly correlated
to the selectivity ratio for the kudus and goats but not for the
impalas for which the acceptance values of T. serigea and the

Acacia species were rather high (Fig 4.15.).

vii. Acceptance valug and Plant Species Abundance

No correlation occurred between the abundance of woody plant
species in the late growing season and the acceptance values of
these plants to kudug, impalas or goats, =ven when Q. pulchca,
which was of exceedingly high abundance and low acceptance,was

removed from the comparison (Fig 4.16.). Thus the acceptance value

“ el A
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of a plant species appears to be Fairly independent of the

relative abundance of that species {n the habitat.

viii, Feeding Duration and Selectivity Ratio

For all three animal species the duration of feeding on a plant
once encountered was significantly correlated to the selectivity
ratio in the late growing reason (Table 4.17.). Both these
technigues ace a weasure of the animals preference and thus should

be expected to correlate.

b. Common Forbs

i, pietary Proportions and Acceptance Value

In contrast to the woody plants the proportions of forb species in
the diet of the animals was often similar to the acceptance
patterns. These two measurements were correlated in all seasons
for the kudus (Pig 4.18.). For the impalas and goats a low
acceptance of W. indica spoilt the correlation in the mid-year but
the correlations were significant in the early growing season and
late dry season. Thus it may be that the animals tend to eat forbs
as they are encountered rather than selecting between many
diZfferent species many of which which have a low rate of

encounter,
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ii. Dietacy Proportions and Feeding Duration

The dietary progortions were lass similar to the feeding durations
than to the acceptance values, The feeding duration was positively
correlated to the dietary proportions for impalas in the growing
season and for the kudus in the late growing and early dry seasons
(Fig 4.19.). For the goats similatities existed in the late

growing season, when P, campestris and T, forbesii dominated the

feeding, and again in the late dcy season. The duration of Eeeding
on forbs is likely to be limited iy the size of the plants, unless
they are of clumped growth pattern, In most cases where these two
measurements were not correlated this was due to a long duration
of feeding on the P, campestris and J, flava, both of which tend

to grow in a clumped pattern in the shade of trees.

iii. Acceptance Value and Feeding bDuration

These two 1measures of preference gave similar results,
particularly for the kudus and impalas, for which strong
correlations were observed (Table 4.20.) The acceptance and
feeding duration were positively correlated for the goats in the
late growing and late dry seasons, but in the remaining seasons &
long duration of feeding on several clumped species of low to
intermediate acceptance prevented the occurrence of a significant
correlation, However it does seem that as for woody plants these

two measures of preference do give broadly similar results.
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4.4, DISCUSSION

1. Dietary Selection by Browsing Ungulates

Ruminants can be classified into two main feeding types: browsers
(concentrate selectors] and grazers {(bulk and roughage feeders)
according to the stomach structure (Hofmann & Stewart 1872,
Hofmann 1973). Kudus f£all into the category of browsers, while
impalas and goats form an intermediate group referred to as
mixed-feeders. These animals have the basiv large rumen capacity
of the grazer but with the increased papillation of the browser.
Por impala at least the extent of papillation can vary according

to the diet being taken,

The diet of the tame kudus observed at Nylsvley comprised
mainly woody browse. This is in agreement with previous studies
on wild kudu (Wilson 1965, 1974, Owen-Smith 1979, Novellie 1983).
Most of the browse was eaten directly fcom the plants. Fallen
leaves of woody plants were not important in the dry season diet
of kudus as they were for the goats and impalas, and are not
mentioned as belng Important in the literature. Forbs occupied
only 16 to 28% of the feeding time of the kudus at Nylsvley, but
in the Acacia nidrescens savanna of the Kruger National Park kudus
spent over half their time feeding in the hecbaceous layer during

the wet season (Novellie 1983}).

Rudus are rarely reported as eating significant quantities of

ol i

h
i
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grass. One tecord of a kudu culled on the margin of a vlei in
Wankie, National Park, Zimbabwe, showed the stomach to contain 84%
grass, but other kudus culled from the same park contalned less
than 15% grass (Conybeare 1975). In the Kruger National Park the
rumes of culled kudus contained only 5-10% grass (Glesecke and
van Gylswyk 1975). They did, however, eat the new grass avallable
on the burned areas (Owen~Smith 1979, Novellle 1983). 'The
progortion of grass in the diet varies with the vegetation type.
Rumens of kudus shot in the Kyle wNational Pack, Zimbabwe,

contained 38% grass in the Brachystegia / Julbernardia woodlands,

168% grass in Combretum / grass savannas and only 3% in Acacia

savannas {Wilson 197¢).

Fruit was sought out in the dry season. When the §. caffra

trees were fruiting the kudus walked directly from tree to tree
eating the fallen Ffruits. Other fruits eaten in the dry season

were Aoacla pods, and the tiny berries of G. £lavescens. Fruits of

the Btrychnos species were eaten at ala times of year.

The impalas at Nylsviey were preferential grazers of green
grass. They spent significantly more i ‘e grazing than the kudus
throughout the year, and they ate more grass than the goats in the
early growing season. In the dry season green grass was scarce and
the impalas turned to browse as an alternative source of food, but
as soon as the first f£lush of new grass appeared on the burned
firebreaks the impalas congregated on these areas feeding almost
exclusively on the new grass which preceded the emergence of new

jeaves on the majority of woody plant species. Other studies
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confirm the classification of impalas as preferential grazers
capable of using browse material. Typically the diet contains
45-.,: grass {Talbot and Talbot 1962, Van Zyl 1965, Jarman 1971,
McAllister and Bornman 1972, WMonro 1979, Dunham 198¢), but can
range Erom 5% {(Jarman 1971), to over 9¢% in areas wher: browse is
sparse - mprey 1963, Stewart 1971). The impalas both in this
study and at Sengwa, Zimbabwe, increased their consumpuion of
grass & few days after rainfall, presumably due to a new £lush of
green gcass (Dunham 1987), or the "resutrrection" or greening of

dried grasses (Goldving pers. comm.).

The impalas ate far less browse than the kudus and goats.
Trees and shrubs were browsed by impals mainly during the wet
season. The total proportion of woody plant foliage in the diet
increased in the dry season as fallen leaves from palatable trees
were eaten. itpalas in the Sengwa Wildlife Area, Zimbabwe, also
rely heavily on fallen leaves to see them through the dcy season

{Dunham 198¢}.

tike the kudus the impalas actively sought out frult, walking
directly from one fruiting tree to another in search of fallen
Erult. Pruit production In savannas is erratic (Rutherford 1982).
In the second year of the study there was a heavy crop of Acacia
pods, The impalas ate these pods rather than leaf litter and forbs
as In the previous dry season. The importance of these seedpods to
wildlife has long been recognised (Burtt 1929, Stevenson &
Hamilton 1947, Brooks 1961, Lamprey 1963, Dougall et, al. 1964).

Acacja pods are also favoured by domestic livestock and way form

B
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up to §5% of the dry weight intake of cattle (Gwynne 1969). Heavy
use of Acacia pods by impalas at Nylsvley in June and july has
been recorded previously by Monro (1979) for his tame, penned

impala, There were noticeably more Acacia pods lying on the ground

inside the enclosure than just outside, so the bigh proportion of
pods in the diet of the tame jmpalas may be as a conseguence of
less competition for this food resource inside the enclosure as

compared "o outside.

In Sengwa, Zimbabwe, forbs were a much more important dietary
comporient.  for impalas than at Nylsvley, being the principal food
in the late growing and early dry seasons {Dunham 198@). This may
be due to a difference in the availability of forbs., Dunham (1989)
found that the browse to graze ratio of the diet was Jdetemmined by

the browse to graze ratio in the vegetation.

The goats ate more grass in the growing season than the kudus
did. tn a year round basis grass formed less than half the diet of
the goats in this study. This is generally true of goats (Edwards
1948, Du fToit 1972), unless browse is unavailable or the grass
particularly attractive {Knight 1965, Du Toit 1972, Aucamp 1976,
Nge'the and Box 1976, Field 1978). Woody browse was particularly
heavily utilised in the early growing season and late dry season.
Increased use of woody plants in the dry season was also observed

for goats in Kenya (Field 1978}. Fallen leaves, in particular

those of 2. mucronata and 5. cogculoides were a very important
source of food for the goats in the dry season. This use of Fai.en

leaves was also documented by Edwards (1948). while the winter
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diet of goats in Kenya contained only 5% fallen leaves (Field
1978)., This is a much smaller proportion than at Nylsvley but the
abundance of wooly plants was not reported. The goats pegan tc eat
large quantities of leaf litter two months before the impalas,
presumably due to depletion of the preferred Food resources within
their small home range. The goats, like the impalas, ate forbs
mainly in the early dry season., The go;ts studied by Knight (1965}

ate similar propoctions «f Forbs to the animals at Nylsvley.

Fruit, in particular Acacia pods, were sought by the goats.
These gods are good quality winter forage (Gwynne 1969), so much
so that goatherds in Kenya claim individual ownership of Eruiting

ilis trees in order to feed their livestock (Edwards

1944). Other fruits eaten were G. flavescens berries, Combretum
sead pods and broken pieces of the large fruits of Strychnos

species.
2. Dietary Propoctions
i. Woody Plants,

The relative proportions of woody plant Species in the diet of the
three different animal species were Correlated in the peak growing
season when food is plentiful. This suggests a similar basis for
theic food choice, However, the time spent browsing by iw, .las in
particular is much less than that of the kudus or goats. The wide
overlap in the utilisation of browse species by ungulates has been

recorded in other studies (Kelso unpublished, Grunow 1988).




Plant families and subfamilies generally favoured by browsing
ungulates in this study were the Mimosoideae, Verbenaceae, [

Boraginaceae, and to a lesser extent the Combretaceae. Members of

the Caesalpinioideae and Ochnaceae were not favoured., Other
* families like the Tiliaceae contained both favoured and

- non-preferred species.

Naturally the abundant species tend to predominate in the diet

. ‘:‘; provided they are reasonably palatable. Two common species, G.

flavescens and D, giperea, were the principal food species at

‘ - Nylsviey. A dependence on a few principal browse species in the
growing season has been indicated in previous studies, Acarll,

Lombretum, Grewia and Ziziphus species are frequently the major e

food plants,

In this study the Acacia species were often eaten by the

impalas, but were not principal food species since less than 18%

of the study area was comprised of acacia veld. Acacia species

were the principal food plants for impalas in the Serengeti

(Jarman & Gwynne, unpublished}, and for goats in Kenya {Xnight

] 1965, Mge'the & 8ox 1976, Field 1978). The large leaved Avaciy :
PR caffra dominated the dlets of both kudu and eland in Pilanesberg :
B
RR Game Reserve in Bophuthatswana {Kelso unpublished).

Combretum species ace also generally favoured, They tend to R

retain their leaves longer than most other deciduous trees and so
are important sources of food to browsers in the early dry season

(Kerr et. al, 1979, Hall-Martin 1974, Novellie 1983). In the {
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Kruger National pPark Acacia nigrescens together with Combretum
apiculatum and Combretum heteroense formed 28% of the dry season
diet of kudus ({Novellie 1983)., fThe first two species also
comprised 48% of the rumen contents of giraffe in the nearhy
Timbavati Reserve ({Hall-Martin 1974}. For Impalas at Sengwa,

Zimbabwe, Combretun ggssambicense was the principal browse species

{Dunham 1986) .

Grewia flavescens was the major food plant for all three

animal species studied at WNylsvliey. Grewia species are also

important in other areas. More than 5¢% of the Feeding time of
giraffe in the Serengeti was comprised of Acavia tortilis and

Grawia species In the wet szason {Pellew 1982), In the lowveld of

Zinbabwe the major food species for eland are Combratum apiculatum
and Qrewia species (Kerr et. al, 1370), while in the Waterberg,

Namibia, Terminaiia sericea replaces Combretun in the diet of

eland and Grewia species are also important (Jankowitz 1982},

Although Ziziphus mucronata was rare at Nylsviey it w o the
principal food resource of kudus in the Umfolozi Game Resecve in
Natal  {O'Regan unpublished), Zziziphus abyssinica and Acacia
Ssenegal together made up 56% of the feeding time of giraffe in the
Kidepo valley, Uganda in the wet season (Field & Ross 1976).

Dichrostachys cinerea was a principal feod plant of the

indigenous  animals at Nylsvley where it is comwon, It is

structurally defended by spines, similar to the thorny Acacia and
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2iziphus species which are important food plants in other areas
{Knight 1965, Field & Ross 1976, Field 1978, Novellie 1983, Kelso

unpubl, O'Regan unpubl,).

Bvecgeeen species only made up a significant proportion of the
diet of the animals at Nylsvley in the late dry season. Other
browsers such as gerenuk, also eat evergreens increasingly
throughout the dry season (Lauthold 197d), and these plants are
important for the winter sucvival of the lesser kudu in Tsavo
National Park, Kkenya (Leuthold 1971}. At Nylsvley §. pungens
foliage formed a large propaction of the winter diet of the
impalas and kudus but less important to the goats, because the
greatest density of . pungens bushes was in eastern side of the
enclosure, far from the home range of the goats. Instead the goats

utilised E, natalensis. The less common E, undulata was alse a dry

season food species. The Euclea species are generally eaten only
in the dry season. E. unduiata, together with Colophospermum
mopane and Albizia barveyi are jmportant winter foods to giraffe
in Timbavati (Hall-Marrin 1974}, and eland in gJimbabwe utilise

Euclea divinorum (Kerr et, al, 1976).

Several common specles are only eaten when in new leaf and are
ignored once the leaves mature, Q, pulchra was particularly
favoured by the kudus and goats at this time as it was one of the
Eicst species to produce new leaves. The impalas ate less of these
new woody plant leaves preferring to feed mainly on the grass

emerging on areas which had been burned in the dry season.

e

P
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P. africanum was the least used of the common woody species at
Nylsvley. The impalas and goats nibbled the leaves in the late dry
season but the kudus were never seen to eat this species. However

P. africanum i$ reported to be a principal food plart of giraffe

in the western Transvaal (Sauer et. al. 1977). This however
appeara to be an effect of availability. Dichapetaluw cymosum is a

comion woody geophyte in the Burkea savanna, This plant produces

tempting new green leaves at the end of the dry season, when the
availability of browse for the animals is at a minimum. These

leaves contain monofluorcacetate, a highly toxic heart poison

vertebrates. The kudus and impalas ware never seen to eat this
plant, but the domestic goats tried to eat the new leaves and one
died as a consequence. The older less polsoncus leaves were not
seen o be eaten by the goats when alternative food was mare

plentiful.

The goats utilised a wider range of less common woody plant
species than the other animals maybe as a consequence of their
depleting the Eavoured food species in their small home range.
Rare species were generally nat all favoured by the animals but

showed & range of urceptances.

The leaves eaten mainly as leaf litter by the impalas and
goats come from three main species. The ubiquitous T, sericea,
which is also used mainly in the dry season by the kudus, and §.

gocculoides and Z. mucronata, most individuals of which exist

mainly as tall tcees out of reach of the browsers. Z. mucronata is

a highly preferred food plant iIn areas wherz it is abundant

e e —
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{0'Reagan unpubl ished) gland, 1like impala are mixed
grazer-browsers and in the Waterberg, Namibia, leaf litter was an
important source of food to these animals in the dry season, in
particular the leaves of T, sericea and 2, mucronata {Jankowitz

198).

Generally the plants of a genus are similar in their patterns
of utilisation by browsers. The similarities in the chemical
structure: olant species have been used in plant taxonomy
{Hegnau, :bbs 1974}, but it cannot be presumed that all
plants witi. . genus are edible as chemical variation and
polymorphism are well documented (Cates & Rhoades 1977,

Cooper-Driver et. al. 1977, Chew & Rodman 1979). The Grewia

species show a variety of patterns of acceptance by browsers,
indicative of inter specific variation in the plant defence
compounds. G, flavescens is a principal food species as are many
other Grewia species (Kerr et. al. 197¢, Hall-Martin 1374,

Jankowitz 1982), yet Grewia monticala is only eaten occasionally,

mainly in the dry season, and Grewia bicolor and Grewia flava are
generally unpalatable, only being eaten only occasionally in the

early growing season,
ii. Porbs
The relative utilisation of forbs by the three animal species was

only similar for a few species. Plant families generally favoured

while forbs of the

were the Amar and

Cucurbitaceae and Asclepiaceae were rarely eaten,

-
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The diversity of forb species was high and as a consequence

the encounter rate of the animals with the less common forb

gpecies was very low. The species cunposition and abundance of

forbs appears to depend upon the pattern of rainfall. 1982 was -
dreier than the previous year, with the rainfall accurcing late in i

the year. Three species of forbs which had previcusly been common

were not abundant in the following year and were replaced by Lo

species which were previously of less Importance.

Many species of forbs were eaten in small quantities. This
could be to avoid the ingestion of significant amounts of any

deleterious plant substances {Freeland & Janzen 1974). The

indigenous animals were not seen to eat the forbs known to be
highly toxie, including the Kalanchoe and Asclepias species (Watt
& Breyer-Brandwijk 1962}, but these species were eaten
cccasionally by the goats even In the late growing season when

there was plenty of altarnative food available.

3, Measuring Preference

In order to identify ths factors controlling the consumption of

browse plants by lacge herbivores it is hecessary to determine the

relative preferanves exhibited by the animals for each plant

species, The magnitude of the preference should be meaningful and

the differences in preference values both between and within :

species statistically proven. Techniq 3s merely giving a cank order i 5
¢

of preference are inadequate for the purpose of this study, as it

L
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is  reyuired that the measure of preference be related to

quantitative measures of chemical facters within the plants.

The time spent feeding on a species is a measure of dietary
contribution not preference, and is greatly influenced by the
availability of potential food species. Highly preferred but rare
species can only make up a small portion of the diet, while comwon
but less preferred species can make a larger contribution to the

diet (Petrides 1975).

Preference is not a static measurement but may vary greatly,
both on a daily and a seasonal basis (Arnold & Dudzinski 1978).
The preference for a plant may depend on the availability of other
more highly preferred plants (Atsatt & O'Dowd 1876, Pyke et, al,
1977, McNaughton 1978), the state of hunger of the animal
(Goatcher & Church 197¢, pulliam 1974) and individual variation
within both the plants (Hughes 1979, Bryant & Kuropat 198@), and
the herbivores (Arnold & Dudzinski 1978, Willms & McLean 1978).

The forage or selectivity ratio is the most common method of
calculating preferwnce. This method compares the degree of
utilisation o€ a plant species in relation to its abundance {n the
habitat. Plants that are more common in the diet than in the
habitat are said to be preferred (Petrides 1975, Pyke &t. al.
1977, Lechowitz 1982}, However whether a species Is classified as
preferced or not depends o what was viewed as being available
{Strauss 1979, Johnson 1988, Loehle & Rittenhouse 1982). In this

study had grass been included in the caleulations the results

- - B A
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would have been very different, especially for the impalas which
eat much grags. Hence this technique was not chosen to demonstrate

the patterns of preference of the herbivores.

The acceptance value of a plant species is a measuce of the
frequency with which it 1is eaten when encountered. This solves
much of the problem of estimating what is available to the
animals, as only the plants within reach of the animals mouth are
recorded as being available and no assumptions of the animals
ability to detect plants, or of their patterns of movement within
the habitat are imposed on the data. The acceptance values
obtained for each species are amenable to statistical comparison
between species and seasons. Plants can be grouped into fairly
discrete categories according to their patterns of acceptance to
the animals (Tables 4.12. & 4.13). These groups are i.) favoured
species of high acceptance to the animals when in leaf, most of
these species being declduous, 1i,} intermediate species which are
eaten throughout the year but at lower acceptance values, and
iii,} non-preferred species which are rarely eaten if at all,
within the latter two groups are a.) the dry season reserve
species which are eaten increasingly in the dry season as the
availability of the favoured plants declines, and secondly b,} the
temporary species which are eaten only when in a specific
phenological phase, usually as imnature l=aves. The acceptance
value, like most measures of preference,is is influenced by very
small sample size, Another draw back is that this measure takes no
account of the fact that once an animal has begun to eat a piant

it may feed extensively or just nibble a few leaves.

il i
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Tablo 4.12. Classification of Hoody Plant Speaie ACSording to the Patterns of Acceptance to
Browsing Ungulates,
Classietcation Rudus opalas toats
N
- principal Grewia Elavascans Grewla £lavencens Growla favescens
B Spectes clreren Glnaren
Fevoursd Sasbretan zeyharl acacla nilotica Buclen natalansis
spectes Ehretin rigida Ehretta ciglda Grewla menticole
v Erythiococca menyharthil ©zoros paniculosa
. ferninalia sericsa s leptodictya
A ‘Di i Vitex repmannil vitex remmannii
g Intermediate acmota kacoo acacia karos Acacis karoo
spectes ezcla nilotica Acacty nilotica
acacta tortiiis Aotcta tortiils Acacta tortilis
e Erythrececcs menybarthi i Erythrococca menyharthii
T strychnos cocculoldes Strychnos cocculoldes Strychnos cocculoides
e f Diospyros yolotdes Grewts picolor
s securidaca Securidace secucldaca
BN Torninalia sericea
i Intacmediate carissa bispinosa Carissa bispiresa
but incraselng  Combretun molla Conbretum nolle Combratum molle
1n the Dry Rhus Teptodictya Rhuz leptodiotya Dowbaya rotundifolla
Season Btrychnos pungens Strychnog pungens. Strychnos pungens
Tumminalla sericos Souridace longlpedunculata  Geewia Elava
Zialphus mucrenata Z12iphus mucronata Z¢ziphus mucronata
Vitex cetwnannit Euclea natalensls
Bunlea undulata Euclea undulata
Dry Beason Cortesn blspinoza Slospyros lyoloides Dlospyeos lyclsides
Resarve Euclea natalensis Euclen natalensis
Bpecies Evelan yndulata

Gravia ponticola




r
k4 R
1
4-79b
'
i
i
|
Table 4,12, Continued. . . ;
> g
Tenpocary Acacta buckel Aracta burket i
specien Burkea afcicana Buckea atricana N
vaten only a5 Donbeya rotundifolia Lannea discolor Lannea discolor H
new laaven ana pulchen cetina pulchra !
A i
S {
- Rojected oc Dichapetatun cymosum cymasun ymosn i
o rarely eatan Peltophorum afcicanum Peltophorun afefcanum Peltophorum africants [
. Species acacta burksl Burkas afeicana i
. ‘ Lannea discolor Dovbeya rotandifolla !
. Grawla picolor Geewia bleolor |
Grevia Elava Geewta flava [
W Growla ponticola b
ol “cenna pulchea i
v i
: 1
i
b
1
[
i
@
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Table 4,13. Classification of Forb gpecles According to the Puttern of Acceptance to

Classtficatian

Favoured
species

Intermedtate
species

Intermdiats
but tnoreastog
in the Dry

season

Dry gessan
Reserve

Species

Brovsing thgulates,
Kudus. Impalas

Prlifchia campesteis Follichia compestris

usticia flava Tepncosta forbesti

Justicla minina

Justicia sperqulsefolia

Lippea Javanica

Achyropsis leptostachys
Asparagus buchananii
Beclum angustifollun *Bectum angustifoltan
Cassia capensis .
Sashins# savrantha Bvolvulus alstnoidss
Coanelina eckloniana Pelscta Eascioulacts
Comelina ececta

Elephantorehiza obliqua

smbstaedtia odorata Polygala sphanoptera
Indigofera comsa Plunbago zeylanica
Indigofera macra Indigofera macra
sustiels fncerca Justicla Incerta
avonta transvaalensis Ptacococcus  sfricana
Seneclo venosus Solanum panduraetonne

Teiunfetts pentandra

Hermannia grisea
Justicia mintma

Lippea avanica

Sids cordifalls 5ida cordffolla
Waltheria indica waltheria Indice
Achyeanthes sicula Achyranches stouls

Brayulinea dense

Comelina africanun

Pollichia canpestrss
Tephrosia Forbesit
Pentarchinm fnsipidun

Acbyropsis leptostachya
heparaqus suaveolens

Cassia capensis

Iodigofera dfstincta

Indigotera mscra

Ptecacocous africana

senecto inaequidens

Rhynchosta confusa

becmarnia grisea

austicia Elave

valtheria indica

Achyranthes sicula

Blepharls madecaspatensis

[ ——




Tenpocary
Species eaten
only in the
early part of
the Grewing

Season

Rejected or
or racely
eaten

species

gable 4,13, Continued. , .

Salanun pandurseforne

Blepharis maderaspatensis
Pedicia fascicularis
fypox1s obtusa

Ruellia cordata

Solamm coccinean
Vetnonta oligocephala

Aepacagus sounderiae
hsparagus susveclens

Crabbea hirsuts

Pvolwulus slsinoldes
£adogea monticols
Heczannia borsginifloca
Indigofera daieoides

Meinanis prostrata
Pavetts asstmilis

Bur. ~rix copensis

B _sricanm insipidun
Salzcla rehmanntl
5142 alba

Tephrosta forbesii
Thunbergla neglecta
TetumEetta sonderl

4-79d

Commelina srecta
Crabbea birsuta

Dicorosaryum sanguebarti  Justicta incerta
Hermannla grisea Lippea javanica
Pentarrhinm insipidum $ida cordifolia

Acanthosicaros naudintana
hsparagus sawdertae
Pelicla fascicularis
Choetacanthus costatus
Phyllanthus parvulus

solanum coocineun

Actyropsts leptostachys Asparagus sannderiase
' Borreria scabca
Blepharis Blepbarls

Cassla capenats conmaling afcicana
Comelina benghalensis Commelina benghalensis
Commelina eckloniana comelina erecta

Crotllarta pislcacps
Elepnantocchizs obligua
Gomphrana celosioides Gomphrena celostoldes
Hermbstaedtia odoreta ulbiscus subcentfornls
Indlgofeca daleotdes
Indigotera victoldes Justicla specgulaetolla
Justicia anagalioides

Gldenlandia herbacea

Susticia ansgalloides
Oldenlandia herbacea
Precocoocus Africany Pavonia transvaalensis
Rynchosia confusa

Rhynchosia venuiosus

ehyllanthus parvulus
Pportuiaca quadrifida

Ruellfa cordata Solamm pandurseforme
Sida alba

Sida hoopeneri Sida toepEner)
“Tagetes minuta Tagetss minyta

Taltnum catfrum
Thurbergia neglecta
TeiumEetta sanderi .
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The third estimate of preference measured the duration of
feeding on individual plants and hence the quantity of foliage
eaten, The vresults obtained using this method generaily
significantly correlated with those obtained using the acceptance
method, especially for the kudus. Thus the difference in time
spent feeding on plants is not a serious problem for the measuce
of acceptance, A serious drawback of the feeding duration method
was that it is affected by the size of the plant. The animals
rarely fed on & plant for more than a few minutes before moving on
to a different species. Hence the duration of feeding on large
woody plants and clumped forbs may represent species selection,
but for small bushes especially when the leaves are sparse, and
for forbs growing in a dispersed pattern the feeding duration will
be a reflection not only of the animals preference but of the size

of individual plants,

All three techniques of weasuring preference gave similar
results, and often the measurements were significantly correlated.
It was decided that the measurement of acceptance was the most
suitable method of assessing species selection for the purpose of
this study, which is to relate the selection of common plant
species by browsing ungulates to the structural and chemical

factors of these plants,

4. Species Selection

All the animals ate a wide range of plant species, rarely feeding

.
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for more than two minutes on any one plant before moving on to a
different species. This highly diverse diet of large herbivores is
well documented in the literature (Freeland & Janzen 1974, Westoby
1974, 1978), particularly for ungulates (Leuthold 1971, Conybeare
1975, MNge'the & Box 1976, Rorfhage et, al, 198?], Grunow 19843,
Novelli;a 1983), and for primates (Milton 198¢, Glander 1981}. The
rapidity of switching from one plant species to another suggests
that the feeding patterns are beiny determined by a need to avoid
injesting deleterious gquantities of plant secondary compounds
{arnold & Hill 1972, Freeland & Janzen 1974, Nagy & Reglin 1977,
Westohy 1978, Macten 1978, Kuropat & Bryant 1979) cather than by
nutrient constraints {Klein 1978, Westoby 1974, Pulliam 1975,
Belovsky 1978) as it is unlikely that the animals require to
balance their nutrient intake over such a short time scale, but
the animals may have a very limited capacity to tolerate each type

of toxin potentially present in the foliage.

Most of the preferred woody plants eaten in the growing
season, such as G. f£lavescens and D. cinerea are deciduous.

Thorny, microphyllous species like the Acacias tended to be of low

acceptance to the kudus when alternative foods are abundant, yet

are favoured by the impalas which are of swaller body size.

In the dry season when the deciduous plants have shed their
leaves the availability of foliage of these .‘woured species
decreases and the herbivores must relax their prei.. :.ze criteria
(Westoby 1974, Belovsky 1978) and eat more of the remaining

species, since it is possibly more economical in tems of energy
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conservation to eat plants of a lower nutritional quality than to
expend great amounts of energy in locating the few remaining
plants of greater nutritional value. The standing crop biomass of
both woody and herbaceous browse falls to 26% or less of the peak
season biomass in savannas (Mactins 1974, Novellie 1983). Since
the majority of browse plants at Nylsvley are deciduous a similar
decreased in biomass is to be expected. The acceptance of the
deciduous plants which retain their old leaves on the stems, such
as C. molle, incceased in the early dry season, while that of the
less favoured evergreen species increased as the dry season
progressed and the favoured foods became more scarce, Evergreens
are rarely favoured food species when other species are available
(Leuthold 1978, Kuropat & Beyant 1986). The foliage of evergreens
is often fibrous and frequently contains high levels of dafensive

compounds (Bryant et. al. 1983, Prudhomme 1983).

The forb species P. campestcis was highly Favoured by all the

animals in the growing season, the impalas and goats also favoured

T. forbesii. These and many other forbs die down in the dry season

and so are not available to the animals. Several perennial forb
species with fibrous stems showed an increased acceptance at this

time.

Very few species of woody plants were totally rejected.
Several of the forb species not eaten by the kudus and impalas are
contain known toxins (Watt & Breyer-Brandwiik 1962). The goats did
eat some of the poisonous Zorbs which were ignored by the

indigenous animals.
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One of the characteristic featuresof savannas is a pre-rain
£lush of woody plant foliage. This is attributed to the presence
of sub-soil moisture which is available to the woody plants but
not to the shallower rooted herbacecus plants, together with an
increase in the photoperiod and temperature (Walker & Noy-Meir
1982)., The immature isaves of some early Flushing woody plants
form an important source of food to the herbivores in September
and Octobaer, even though the mature foliage may not be eaten, the
prime example being 0. pulchra. The impalas had a rather lower
acceptance for these temporary food sources than the other
animals. They preferred to feed on the new grass growth on the
burned fire breaks. The eacly grass growth on burned areas is
attributed to the increased temperature and light penetration when
the shading effect of moribund grass is removed, The goats
cemained in a small howe area which was not burned. Like the

kudus, they had a high acceptance for new leaves of woody plants,

Plants such as D. rotundifolia which is only eatep in quantity
when the leaves are either new or Senescent are occasionally
nibbled ar other times, often for less than ten seconds. This
suggests that the animals sample the plants in order to track the
chemical changes taking place and possibly to prepare the rumen

microflora for when the plant becomes edible {(Glander 1981).

The goats restricted themselves to a small home area. This
behaviour had several effects on their patterns of species

selection. They responded more rapidly to the decline in
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availability of the preferred deciduous species, and more slowly
to the increased abundance of palatable foods in the early growing
season, than the indigenous animals. This is probably because
their home area was heavily browsed and the supply of preferred
foods was soon depleted once the growing season ended. The goats’
tabit of eatfrug twigs bearing buds meant less edible vegetation
was produced 1in the spring and they had te continue to uge the
evergreen species well into the growing season. A very noticeable
difference between the feedlny of the goats and the indigenous
animals was the high preference and utilisation of the evergreen
B. natalensis by the goats, particularly in the late dry season,
At this time of year few other plant species remained in the goats
area, consequentially they either had to eat this species or

forage further afield.
4.5, SUMMARY OF RESULTS
a. Dietary Composition

i, Woody browse was the dominant vegetation component in the

diet of the kudus at Nylsvley; very little grass was eaten.

ii, The impalas were preferential grazers of green grass, They
ate a little browse throughout the year, increasing their use
of woody plant leaves in the dry season when green grass was

scarce.

iii, The goats were mixed feeders preferring browse, They ate

|




considerably more grass than the kudus did in the growing
season ouut, as for the kudus, woody plants Formed the major

component of the diet,

iv. Both the goats and the impalas increased their consumption of
woody browse in the dry season, and much of that eaten was in
the form of leaf litter, The kudus made only limited use of

fallen leaves,

v, All the animals ate a greater proportion of woody browse than

forbs.

vi, Fruit was actively sought out by all three animal species,
Acacia seed pods were a favoured dry season food particularly
for the iwpalas.

b. The Use of Browse Plant Species

i, The principal food species among woody plants during the

growing season were G. flavescens, and for the kudus and

impalas, . cinecrea,

ii, Evergreen plants contributed little to the diet of the
animalgt in the growing Season but were eaten increasingly in
the dry season. They made up a large proportion of the diet
in the late dry season + 3 deciduous browse was

available.
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111, The goats ate more of the evergreen E, patalensis than the

other animals in the dry season possibly due to depletion of

the favoured species within their home range,

iv, Some woody plant species were not eaten throughout most of
the year, yet formed an important temporary food source when
in new leaf. These include B. africana, Q, pulchra and D.

rotundifolia.

v. Many forb species were eaten in small quantities, The use of
several species of perennial forbs increased in the dry
season. The goats alone ate some spacies of forbs kiown to be

toxia,

¢, Measuring Preference

i, The acceptance value is the most useful method of measucing
species selection by browsing ungulates for comparison with
quantitative measures of : i:~t chemistcy. Acceptance values
are amenable to statistical analysis. Unlike the feeding

duration acceptance is relativoly unaffected by plant size,

d, Species Preference

i, Browse plant specie; could be categorised by tie pattern of

acceptance to browsing ungulates, In the growing season three

main groups were observed:
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i.) Favoured plants which were of consistantly high
acceptance, These were generally deciduous species,

ii.) Intermediate species of moderate acceptance, generally
comprising deciduous species and “thin-leaved" evergreens.
iii,) Non-preferred plants which were of very low acceptance
if eaten &t all. This group includes most of the “thick
leayed" evergreen species.

Within the latter two categories are two Eurther Subgroups:~
a,) Dry Season Reserve species, used increasingly as the dey
season progresses and the availability of the favoured
deciduous plants decreases. The £irst species to increase in
acceptance being the intermediate species, then in the late
dey season some of the non-preferved specles also increased
in acceptance.

b.) Temporary species, usually eaten only when in new leaf

but rejected once the leaves have matured,

e, Animal S ies Differences

1.

Differences in the patterns of acceptance by the goats, such
as the earlier increase in the acteptance of many dry season
reserve species and greater acrr ptanve for E, natalensis,
were probably attributable to thair remaining in a small
home rcange area in which depi:tian of the favoured plant

species was evident, pacticulacly i+ the dry season,




CHAPTER 5.
PLANT CHEMISTRY

S.1. INTRODUCTION

Plants contain a complex mixture of nutritive and anti-nutritive
compounds witin their tissues, Nutrients are defined as those
compounds required by animals for normal growth, maintenance and
reproduction, Prateln, soluble carbohydrates and minirals are
generally considered as nutrients, and occur mainly within the
cell sap, The fibrous cell walls are partially available as energy
sources to ruminants due to the production of cellulases by the

cumen microflora (ficBee 1971),

Plants also contain a variety of compouids originally tecmed
plant secondary compounds, as they did not appear to be involved
in the primary metabolic processes of the plants (Chew & Rodwman
1979). various functions were put forward for the presence of
these compounds which often occur in high concentrations.
Suggestions included waste products (Sachs 1887, MUller 1969,
Luckner 1972}, storage products (Blum & Ebercon 1976, Jager &
Meyec 1977}, growth and blosynthetic regulators, (Del Meral 1972,
Fowden 1973, Nakanishi et.al. 1974, Robinson 1974), and radiation
shields (McClure 1975, Rhoades 1977), The idea that these
compounds might be invelved in plant defence was Eirst suggested
by Stahl (1888} then again by Fraenkel (1959, 1969). There is

still some debate on the adaptive significance of secondary
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compounds (Robinson 1974, Seigler & Price 1976, Seigler 1977), but
generally it 1is accepted that 2 major function of secondary
compounds is in defence against pathogens and herbivores
(Rosenthal & Janzen 1979, Harbocne 1978). That is not to say that
these compounds are only of defensive significance to the plants,
multiple functions are to be expected (Rhoades 1979). For example
the phenolin resins of the creosote bush (Lacrea trideptata)
prevent damage by ultra vielet radiation and dessication (Rhoades
1977} . The same function is attributed to anthocyanins in immature
Ochna pulchra leaves (Cresswell et.al, 1982). Many volatile
terpenes are adapted to pollinators and frult-dispersers (Dodson

et.al. 1969, Brehm & Krell 1975),

Secondary chemicals have been proven to act against pathogens
{Beil 1874, ODeverall 1977}, herbivores {Schoonhoven 1972, McKey
1974, Freeland & Janzen 1974, Beck & Reese 1976, Feeny 197G,
Rhoades & Cates 1976) and against other plants (Rice 1974, 1977).
However, some cesults are ambiguous due to the evolution of
detoxificarion or tolerance mechanisms in specialised herbivores

(Rhoades 1979, Levin 1979b).

The optimal defence theory (Rhoades 1979} states that
organisms evolve and allocate defences in the way that maximises
fitness. Defenses are costly, in terms of Eitness, to the plant,
dence in the absence of herbivores the less well defended
individuals will have the greatest fitness. The cost of defence is
calculated, in terms of fitness lost, due to the resultant

diversion of energy and nutrients £rom other needs into the




synthesis, -aintemance and storage of defence compounds. The
commitment to defence is a positive function of the total nutrient
budget of the plant. Plants should evolve defences in direct
proportion to the cisk of predation., within the plant defences
shauld be allocated in proportion to the risk of hurbivery on that
tissue and the value of that tissue, in tems of fitness lost, as
a result of herbivory. Facultative production of defence compounds
is to be expected as it 1is less costly than maintaining high

levels of defence compounds In the absence of herbivory.

That the produc:ion of defence compounds lowers the growth and

reproductive potential of plants has been shown many times in

polymorphic populations. The morphs of Trifolium

repens have a higher vegetative and sexual vigour than the
eyanogenie morphs (Foulds & Grime 1972). Mutants of Nicotiama and
batura with especially high alkaloid contents are stunted (Mothes
1968), High yield crop plants are frequently very susceptible to
pathogen and insect attack (Pimentel 1976). This suggests that
energy and nutcients tied up in defensive chemlcals are not
available for growth, Inorganic nutrients are scarce and possibly
often limiting to the growth of plants, Other than nitrogen, and
silica in grasses, minerals are rarely present in defence

Mest are of carbon, osygen and

hydrogen.,

It has been proposed by Feeny (1975, 1976) and Rhoades & Cates
(1976) that the type of defence and degree of defensive commitment

are directly related to the risk of discovery of plant tissues by
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herbivores. Feeny (1976} proposed the term quantitative defences
for substances such as tannins and resins which act in a dosage
dependent fashion. Quantitative defences ace often present at high
concentration (Feehy 1976, Rhoades & Cates 1976), up to 60% dry

weight inm the case of tannins.

Qualitative defences on the other hand are present in low
concentrations, often less than 2% dry weight. They protect the
plant against generalist herbivores, but offer little protection
against specialised herbivores which have evolved detoxification

or tolerance mechanisms.

nRuantitative defences are characteristic of "apparent" plant
tissues which are easy for the herbivore to locate, such as woody
plants, particularly common, evergreen or late seral species and
mature leaves., Qualitative defences are Ffound in “unapparent”
plants and tissues which tend to escape herbivory in time and
space. These are the annual herbaceous species, rare, deciduous or

early seral species and young leaves (Feeny 1976).

Rhoades and Cates (1976) point out that qualitative defences
are mainly toxins directed against the metabolism of the herbivore
e.g, alkaloids, while quantitative defences are designed to reduce
the digestibility of the plant tissues. With gualitative defences
a plant is at an advantage if 1t is chemically different from its
neighbours but for quantitative defences, which are not easily

overcome by herbivores, convergent evolution is common,

N “ IRt




Defences are allocated to tissues according to their
yulnecability and fitness value to the plant (McKey 1974). Young
leaves and shoots are more valuable than mature leaves (McKey
1974) as the photosynthetic ability of leaves is highest when they
have just reached full size (Freeland 1952, Roades & Wedding
1953, 1956, Syversten & Cunningham 1977, Mooney & Gulman 1982,
Rowson & Wordward 1976, Krischick & Denno 1983}, Loss of the
terminal shoots may distort the growth form of the plant (McKey
1974}, Defoliation at the time of flowering or seed production can
severely reduce a plant's fitness. Ducing the life time of a plant
there may be drastic changes in the defensive requirements of
different organs, and many defensive compounds are redistcibuted

within the plant accordingly (McKey 1974).

If defences ace costly it should be advantageous for plants to
be less heavily defended in the absence of predators. The
facultative production of increased levels of defence compounds in
response to damage by herbivores has been cecorded for alkaloids
(Rhoades 1979), cyanogenic glycosides (Dement & Mooney 1974)
phenolics (Theighs 1968, Haukioja & Nieméla 1976, 1977) and
protease inhibitors (Green & Ryan 1972, Benz 1977). Induction
times recorded vary Erom less than 12 hours to over a year. The
short term response must be in qualitative defences as these are

active in small quantities.

stress, such as drought, increases the proximal nutrient

content of plants (White 1969, 1974, 1976} due to discuption of




normal metabolic patterns, This produces an imbalance in the
nutcient guality of the plant and its defences. Qualitative
defences tend to be increased and quantitative defences decreased
{Rhoades 1983). Changes in the levels of glycosides (Bloem 1962),
alkaloids { Jones 195¢, Bloem 1962), essential oils (Mattson &
Addy 1975) and tanning {Cooper-Driver et.al. 1977, Rhoades 1979}

have been recorded,

The iotuitive theory of costly and cheap defences has come
under attack. Tanning and other "costly" guantitative defences
have a slow turnover rate (Zucker 1983), but alkaloids and other
qualitative defences show a rapid, and often daily, turnover rate
{Robinson 1974). The half-life ¢ . w? rpenes in Peppermint was
only a few hours. Hence the cum - 'v- st of quantitative and
qualitative defences may be no ditferent 8wain 1978),and for

evergreen leaves tannins may even be cheaper (Fox 1981).

The difference between qualitative and gquantitative defences
is not absolute. A wide variety of terpenes are found in low
concentrations in rain forest trees. {Lincoln and Langenheim 1976,
Langenheim et.a2l. 1978), but in Bucalyptus species terpenes are
guantitative defences forming 20% of the dry weight of the leaves
{Morrow & Fox 1988), Similarly some toxing such as some cardiac
glycosides and glucosinolates also have both toxic and

digestion-reducing abilitles (Chew & Rodman 1973).

It is possible “hat small herbaceous plants contain tox:

because of cost differences, but because they need a rapid acting




defence system (Fox 1981}.

The cost of defence compounds depends on the nutritional state
of the plants, Tannin and phenolics may cost & plant very little
1€ they are growing in soils where nitrogen is limiting because
the phenols may serve as a carbon sink for excess photosynthate

(Pbillips & Henshaw 1977).

Young leaves usually contain nitrogenous defences, This is
generally though to be due to the problems of storing quantitative
defences in actively dividing tissues (McKey 1974). towever it may
be because of a relative shortage of carbon in immature leaves
until they reach their Full photosynthetic potential. The young
leaves of several plants growing in impoverished soils where
niteogen is limiting &to growth contain carbon-based defences
(Coley 1983, Rhoades & Cates 1976, Fox & Macauley 1977, McKey
1979, Crankshaw & Langenheim 1980, Langenheim et.al. 1980)
presumably using carbon translocated from other parts of the
plant. Plants growing 1In nitrogen poor habitats such as bogs
{Romeo et.al. 1977) and subarctic habitats (Bryant et.al. 1983)
rarely have nitregenous defences. A positive correlation between
mineral availability and concentrations of secondary chemicals
containing them, has been established (Chew & Rodman 1979). The
amount of suiphate given to Liliaceae and Cruciferaceae shows in
the amount of sulphur containing isothyanates they produce, until

a platesu is ceached (Freeman & Mossadaghi 1974, 1971, 1972).

The allocation and type of defensive chemicals within a plant

bl . ARt




is a complex function of the risk of herbivory, the fitness value .

of the tissues and the nutrient budget of the plant. This is

further complicated by the idea of plant defence guilds (Atsatt &

0'Dowd  1976) whereby members of a plant community are affected by, “
and in many ways functionally dependent upon,the properties of
i . other members of the plant community, i.¢. a plant may galn
protection from 1its association with other repellant plants as a O

"_W non-discriminating herbivore will avoid the guild as a whole.

5.2. METHODS

The plant species chosen for chemical analysis were all abundant

K within the enclosure in which the tame animals wece kept. The 14 .
i woody plant species were chosen to give a range of utilisation by :
§ ’ browsers (Witkowski 198¢) and to represent a vaciety of plant ;
s ‘j families and growth forms. No previous study of the utilisation of .

> the forb species by mammalian herbivores had been done so the 18 B

most common forb species were chosen.

. Plant samples for analysis were collected from a fenced off
o : A area surrounding the weather station, immediately to the west of .
ul the enclosure. This area was protected Erom brows .ng but the

plants wecre growing under a similar soil nutrlent regime as those

eaten by the tame animals. Composite samples collected from
i
approximately 5 to 19 individuals of the same species were used in b
|

order to reduce variation due to individual differences, All

collections were made between 7 and % a.m, before the amblent ioe

- . mer




temperature became too high. Wilting is known to cause chemical
changes in plants, particularly in cyanogenic glycoside levels and
daily wvariation in alkaloid (Robinson 1974), moisture (Haukioja
et.al, 1978) and  nitrogen levels (Durzan 1968) are well

documented..

The plants wece then sorted into leaves and stems of a length
which would be eated by the animals. Any foliage showing heavy
insect damage or disease was discarded, In the field the animals
rarely ate such leaves. The samples were washed briefly in
deionised water to cemove contaminating dust, then dried to

constant weight in forced-draught ovens at 58~66'C.

Samples were collected For nutrient and fibre analysis from
September 1988 to November 1981. The collection schedule for
nutrient and fibre analysis was initially weekly in September and
fctober when the new foliage was emerging and chemical changes
were expected to be rapid, then every two weeks in November and
December when young leaves were predominant, and in April and May
at the start of the dry season. In the remaining months when
chemical changes were probably less rapid, samples were collected
on a monthly basls. The samples were analysed at the National Food
Research Laboratories of the C.S.I.R. in Pretoria. Recurrent
staffing problems lead to the number of analyses being halved and
all the stem samples being grouped into two categories, as soft

and hardened stems.

Samples were collected for secondacy chemical analysis over
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the period September 1981 to August 1982. Samples of leaves of
each phenological phase, i.e. new, young, mature, old and dried
leaves, were collected, These samples were prepared in the same
manner as the samples for nutrient and fibre analysis. Most of the
tests were carcied out by the researcher and a student agsistant
in the Department of Chemistry at the University of the
Witwatersrand, Johannesburg., Analysis of condensed tannins were
done by the researcher at the Sorghum Beer Unit, C.S.I.R. Pretoria
and the analysis of total polyphenols was contracted out to the

same unit,

1. Nutrients

gssential nutrients conventionally include water, energy,
minerals, vitamins and amino-acids. For ruminants amino-acids are
considered under the general nitrogen requirement because of the
synthetic capabilities of the rumen microflora. The vitamin B
complex and vitamin K are also synthesised by the rumen
microflora, The vitamin € is destroyed in the rumen but the
ruminant can synthesise this vitamin. Ruminants require external
sources of the fat-soluble vitamins A, D and E, essential fatty
acids and minerals (van Soest 1982). The minerals regarded as
essential in ruminant nutrition are nitrogen, phosphorus,
potassium, caleium, magnesium, sodium and the trace elements.

(Fleming 1973). Plant samples were analysed for the major cations.

S
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. Experi:antal

1. Nitrogen

The nitrogen content of the deied plant material was measured by
the xjeldahl proceduce using a Xjeldahl-Foss Automatic Analyser.
proteins are converted to eamino-acids, nitrate; then ammonium
sulphate and hence to free ammoniun which is dissolved in 4% boric

acid and titrated with 0.1 N HCL to Form NHACI.

This procedure weasutes protein and nucleic-acids and is
relatively unaffected by other nitrogen containing contaminants
such as alkalolds, Crude protein is estimated as N x 6.25, as
crude protein contains 16% nitrogen, but this is not absolutely
accurate. The nitrogen content of plant proteins varies from 15%
to 16% (van Soest 1982). True protein is generally 18% less than

the Kjeldahl crude protein estimate.

Yet the Kjeldahl i is an npi on proximal

analysis of nitrogen where the plant tissue is ashed before
analysis. Proximal nitregen includes inorganiec N, CEree-amino
acids, low molecular weight peptides, nucleic acids and alkaloids.
The true protein ocontent of the vegetation is 75 ~ 80% of the
erude protein value calculated by proximal analysis (Van Scest
1982)., The celationship between protein content and nutcitional
value is further complicated by fibre-bound proteins which may be
indigestible to the animals. Between 1,5% and 2% of the nitrogen

is bound to lignin in grasses and legumes, but the figure is much

|
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less for woody plants ( van Soest 1982).

ii. Phosphorus

The measurement of phosphorus is based on the destruction of all
the organic matter and the conversion of organic phosphorus
compounds to mineral phosphates by hydrolysis with hot 10N H2504
Followed by hot 18N perchloric acid. The mineral phosphates are
then converted to phospho-molybdates which on reduction with
hydrazine sulphate give a blue colour which is measured

colourimetrically against that of a known standard.

iii. other Minerals

samplis for mineral analysis were ashed and hydrolysed with conc.
HNO3, then HCl. tfanthanum oxide in HQl was added to agueous
golutlon of the residual ash and the concentration of potassium,
caleium, magnesium and sodium were measured by Atomic Absorption
Spectroscopy using an @ir-acetylene flame, This technigue uses the
resonance lines in the atomic specteum characteristic of each
element. The Reer - Lambert Law states that the absorption is
proportional to the concentration For a given absorption path

length at any given wavelength.

2. Fibre

The main components of olant cell walls are the polysaccharides,

cellulose and hemicellulose, and lignin which is a phenolic

A
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polymer.

Cellulose forms .4-58% of the dry mass of most plants. It is a
polymer of glucose. Higher animals can only obtain enecgy from
cellulose through intermediate microbial fermentation. The
digestibillty of cellulose varies from @-10@% depending on
intrinsic factors such as the crystalinity of the cellulose and
its asgociation with 1lignin, ocutin end silica. For this reason
celiulose should not be considered nutritionally as a single
substance, The fewmentation rate of cellulose is affected by the
plant species, the environment and maturity of the foliage (Van
Soest  1982). Hemicellulose is more chemically diverse than
cellulose being made up of xylose, arabinose, galactose or
gluronic acid in a large array of linkages. The two main forms of
hemicellulose are the pentosans, based on xylose, which form the
bulk of the hemicellulose Eraction of non-woody plants, and
hexosans which are the main hemicellulose fraction of woody plants

(Baily 1973).

The third component of the cell walls is lignin, Lignin is a
high molecular weight phenolic polymer formed by the oxidation of
cinnamyl alcohols. It cannet be degraded by either mammalian
digestive enzymes or the cumen-flora. Lignin occurs in the mature
cell walls of all vascular plants where it is distributed as a
non-crystalline inclusion theough out the entire cell wall, Lignin
contributes to the stiffening and rigidity of the plant cell walls
and internal structures (Swain 1979}. Lignin also protects the

plants against microbial attack by reducing the availability of

R - o, 4
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digestible cell wall polysaccharides (Swain 1979). The lignin to
cgellulose ratio is the best indicator of digestibility of forage

(Robbins & Moen 1975, Reed 1984).

Browsers have a shorter retentiosn time than grazers as grass
has a slow fEermentation rate but contains relatively little
lignin, while browsers cannot get any further natrition from the

lignin complexes in browse (Reed 1984).

a. Experimental

FPibre was estimated using Detergent Fibre Analysis. (Van Soest &
Wine 1967). This technique is genecally superioc to proximate
analysis in terms of partitioning cell-wall constituents into
meaningful entities (Mould & Robbins 1981, Van Soest 1982). The
method was Geveloped for analysing cereals and graminoid feeds for
livestock. Browse differs from many graminoids in that it contains
significant amounts of cutin (Robbing et, al. 1975) and phenolic

compounds {Feeny & Bostock 1968) which may bind to the fibre.

Total fibre as weasured by neutral detergent fibre includes
approximately 5% pectins which are fully digestible by ruminants
and  20~3v% of the protein, sume of which are bound to the fibre,

hence are probably digestible.

Approximately 23% of the hemicellulose is lost in the

extraction. The use of sodium sulphide in the extraction procedure

i
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reduces protein retention but may cause delignification and
further loss of heaicellulose. In this study sodium lauryl

sulphate was used to decrease contamination with residual protein,

Acid detergent fibre 1is a ligno-cellulose complex. This
fraction’ also contains approximately 20% of the cell proteins.
Phenolic substances Fform icreversible complexes with acid
detergent fibre. Sequential extraction with neutral and acid
detergents are less contaminated with protein (Mould & Robbins
1981) but unfortunately separate extractions were used for this
study., Further extraction of the acid detergent fibre with 12504
removes the cellulose to give acid detergent lignins, Ashing this
fraction gives a residue of cutin, silica and mineral ash and

allows the estimation of lignin.

femicellulose in browse should be determined colourimetrically
rather than by subtractlion of acid detergent fibre from neutral

detergent fibre {Mould & Robbins 1981).

3. plant Secondary Compounds.

There are a vast range of highly diverse secondary compounds
present in plants. The plant samples collected at Nylsvley were
quantitatively analysed for enzyme-inhibiting polyphenols and
condensed tannins, and screened Ffor the presence of the major
groups of toxic compounds, namely alkaloids, cyanogenic
glycosides, mono- and sesqui-terpenes, saponins and ether -

extractable compounds. Many other secondary compounds are also
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found in plants but these are either celatively rare such as
cardiac glycosides, or like non-protein amino-acids and lectins,
found most frequently in seeds. (Aplin 1976, Levin 1976a,

Rosenthal & Janzen 1979).

1. phenolic Comrounds (Tannins}

Phenolic compounds are second only to carbohydrates in prevalence,
They display yceat structural heterogeneity ranging from simple
phenolics, based on a six carbon aromatic ring to complex
polymeric structures such as tannins and lignins (Levin 1971).
Most plants contain a complex mixture of phenolics. With the
exception of the isoflavones which acre estrogenic (Braden &
McDonald 1979, Harborne 1979) and coumacrins, which are hemocrhagic
due to thelr anti-vitamin K activity (Levin 1976b, van Soest
1982), simple phenolics are rarely toxic to herbivores (Levin

19713,

polyphenols ace however implicated in plant defence. Tanning
are polyphenols with molecular weights between 58¢-308¢, which
have the special ability to precipitate proteins and
polysaccharides (Bate-Smith & Swain 1962). Tannins fall into two
chemically distinct classes, the hydrolyzable and condensed
tannins. Much confusion has been caused in the litecature
pertaining to tannins because of the fallure to realise the

different modes of action of these two types of tannins,

Hydrolyzable tannins are divided into two types: The

" e




gallatanning which yield gallic acid upon hydrolysis, and the
ellagitannins which yield ellagic acid. Both types of hydrolyzable
tannins have a carbohydrate core. Specialist herbivores and
microbes can degrade hydrolyzable tannins by hydrolyzing this
carbohydrate core, Gallotanning are disk shaped molecules, while
the spherical molecules of ellagitannins show greater structural
diversity (Zucker 1983). This structural diversity of hydrolyzable
tannins allows specificity towards proteins and other targets.
This can be viewed zs another semple of the co-evolutionary
processes leading to the "arms race" between plants and their
engmies, According to Zucker (1983) hydrolyzable tannins should be
seen as specific inhibitors not generalised proteins digestibility

reducing substances as envisaged by Rhoades & Cates (1976).

Condensed  tannins contain mno carbohydrate core and
consequentially are less easily degraded. These helical molecules
are derived from the condensation of flavonoid precursors called
procyanadins and prodelphinidins, Condensed tanning are less
structurally diverse than hydrolyzable tannins and probably act in

a more generalised fashion (Zucker 1983).

Hydrolyzable tannins are stored in cell vacuoles but condensed
tannins are bound to the cellulose, pectin and starches of the

cell walls (Hagerman and Butler 198@).

Tannins complex with proteins (Van Sumere et, al, 1975),
cellulose, pectin, starch and alkaloids (Swain 1965, Haslam 1979)

by means of hydrogen, ionic and covalent bonds {Zucker 1983).



Condensed tannin complexes are more stable than those of
hydrolyzable tannins and condensed tannins also bind more closely
with cellulose (Swain 1956)., The binding of condensed tannins
decreases at py valves above 8 and that of hydrolyzable tannins at

pHs above 5 (Van Sumere et. al. 1975).

Tt has been postulated that the major role of condensed
tannins 1is to protect the plants from microbial and fungal attack
(swain 1978, Zucker 1983) since condensed.tannins bind strongly
with the proteins and polysaccharides found associated with the
cell organelles (Swain 1965} and in the primary and secondacy
layers of the cell wall {McClure 1379, Swain 1979, Darvil et. al.
1986). These assoclations are relatively irreversible, Microbes
exude exo-enzymes capable of utilising cellulose or pectin and

hence breaching the cell walls. If di d tannins are lexed

with these substances the microbial enzymes will be deprived of
binding sites (Zucker 1983). If the tannin complex persists after
the leaves are shed they could serve to delay the breakdown of
leat-litter, thus preventing the loss of nutrients via too rapid
seasonal leaching., (Zucker 1983}, Condensed tannins may also
{nhibit the digestion of plants by ruminants through thelc effect
upon microbial fermentation in the cumen (Waterman et. al. 198¢).
Insects obtain little Ffood value from plant cell walls (Mattson
1989) so should be lass affected by condensed tannins (Zucker

1983).

Hydrolyzable tannins are less inhibitory to microbes than are

condensed tannins (Gustavson 1956, Pridham 1968, Feeny 1969).
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Hydrolyzable tannins are wmore astringent than condensed tamning
{Bate-smith 1972). Astringency Is caused by the binding of the
glycoproteins in the mouth and is characteristic of tannins,
Hydrolyzable tannins are not readily absorbed into the circulatory
system, Their action upon herbivores is by the precipitation of
digestive enzymes and the binding of food proteins (Zucker 1981},
Ruminants c¢an tolerate fairly high levels of hydrolyzable tannins
due to the rcelatively alkaline conditions in the rumen and the

hydrolysis of these substances by the rumenflora (Mcleod 197@).

Tannins seem to be characteristic of perennial plants and are
relatively rare in herbaceous species (Bate-8Bmith 1972). An
estimated 88% of dicotyledonous woody perennials contain tannins
as compared to 15% of the herbaceous species (Cates & Rhoades
1977). Congensed tanning are widely distributed in vascular
plants, but hydrolyzable tannins are restricted to the

dicotyledons (Swain 1976).

The seasonal distribution of the two types of tannins are
reported to differ, Condensed tannins ate probably synthesised
according to microbial infection and degrade slowly (Zucker 1983).
Hence they are at a maximum at the end of the growing season
{Cooper-Driver et. al. 1977, Dement and Mooney 1974). Hydrolyzable
tannins on the other hand are at a maximum in the early growing
season when insect predation is heaviest and are degraded more

rapidly (Feeny & Bostock 1968) .,
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a, Experimental

i, Enzyme-inhibiting Polyphencls.

The enzyme inhibitocy €raction of the total polyphenols in plants,
which includes both hydrolyzable and condensed tannins, was
measured by the Jerumanis method (Jerumanis 1972}. flant matecial
was  extracted in 75% dimethylformamide for one hour and
centrifuged. This extcacts polymeric phenols, The extract was then
mixed with water, thern 3.5% ferric ammonium citrate, then 8%
ammonia solution. Polyphenols react with ferric ions in alkaline
solution to produce a green/yellow dye. After 16 minutes the
absorbance of the solution was determined at 525nm and compared to
identically treated tannic acid standard . The results obtained by
the Jerumanis wethod correlate well with the inhibition of grain
enzymes due to the proteolytic activities of polyphenols (Daiber

1975) .

This is in contrast to the more Eregquently used Polin-Denis
reagent {A.0.A.C. 1980) for which no correlation between the total
polyphenols measured and their ability to precipitate proteins was
observed {Martin & Martin 1982, Van Soest 1982). The reactions vere
also affected by the degree of polymerisation of the phenolics
(Swain & Goldstein 1965). The Folin~Denis reagent reacts with many
phenols which do not precipitate proteins and several non-phenolic
substances., In addition the more oxidised phenols are amcng the

least reactive to this reagent. Another frequently used technigue

L
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for determining total polyphenols is the relative astringency test
(Bate-Smith 1973), where the ability to precipitate haemoglobin
celative to a standard tannin is measured. This test needs a
celatively high concentration of tanni, before haemoglobin is
peecipitated and many plant extracts absorb light at the same

wavelength as haemoglobin (Martin & Martin 1982).

if. Condensed tannins

Condensed tannins were quantitatively measured by the Bate-Smith
B din method (Bat ith 1977) which involves the

hydrolysis of condensed tannins into coloured flavonoid precursors

which can be measuced coloummstrically.

Conventionally this methed involves extraction of plant
material in hot agueous methanol, However, this also extracts up
to half the protein which binds with tannin, Using 7¢% acetone
tesolves this problem (Glennie pers. comm.}, The acetone extract
was concentrated to deyness and taken up again In a known velume
of warm acetone. Cundensed tannins were determined by heating an
aliquot with n~butanol containing 5% HCL for two hours at 95
degrees C, This hydcolyses the condensed tannin into its coloured
precursors procyanidin and prodelphinidin. The absorbance was then
tead ovec the range 545-560 nm. The standard used was Socghum IIT
tannin which {5 known to be condensed (Kaluza et.al. 198¢), The
AMnecican standacd quebracho tannin was not available in South

Africa.

- ity
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Any other wonameric flavonoids present in the plant tissues
may alse be included in the colour reaction. Martin & Martin
{1982) found that this method did not weasure levels of
axtractable protein precipitating phenclics in graminoids, but
condensed tannins in plants do have other functions (Zucker 1983).
However, it does mean that subtracting condensed tannin from total
polyphenols as measured by the Jerumanis method does mt give a

good estimation of the hydrolyzable tannin content.

Another Erequently used technique of measuring for tannins is
the vanfllin - HC1 method (Burns 1971). However this technique was
found to be highly tewmperature dependent (Price et.al. 1978),
and dfd not relate to the protein-precipitating abilities of

poplyphenols (Daiber 1975).

Condensed tannins are rarely fully extcactable from plant
materisl, Damage to the cells prior to drying, and drying at
temperatures much above 50 degrees C can combine tannins
irceversibly with other cell wall polymers. Extraction also

becomes wore difficult as the foliage matures (Swain 2979).

i1, Alkaloids

Alkaloids occur in over 3¢¢ plant familles and 7500 specles (Li &

Willaman 1972). ‘They are found mainly in dicotyledonous species
and only infrequently in gy ws and yledons. Within

the dicotyledons alkaloids are more prevalent in annual species

than in perennial plants.

w - w0
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Alkaloids are & structurally diverse group of compounds
incorporating niteogen in a heterocyclic and / or aromatic ring.
‘These compounds are usually synthesised Erom amino-acids (Robinson
1979). The primary site of synthesis is in the coots. The
alkaloids are bound to sugars and transported to other sites
within the plants, where they are stored in vacuoles (McKey 1974,
Levin 1976). Some bound alkaloids may also be stored in the

eytoplasm {Robinson 1979).

Within the plants alkaloids tend to be found in active
tissues, epidermal layers, vascular sheaths and latex vessels
{Robinson 1979}, Alksloid concentrations are affected by edaphic
factors and such as climatic conditions and soil types (James
195¢). In addition seasonal and diurnal charges occur {Robinson
1974, 1979). As with other “qualitative" defences alkaloid
contents tend to be highest in young tissues, gradually declining
with senescence (James 195@, Lee & Waller 1572, Robinson 1979).

There is a greater incidence of alkaleidal plants in the
tropies and at low latitudes. This is attributed to the greater
productivity and increased pest pressure in these sites {(McNair

1935, Levin 1976).
The anti-microbial properties of alkalolds have been well

documented in agricultucal plants {Mitschnec et.al, 1572, Reddick
1974, tevin 1976), as is the facultative production of alkaloids
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in response to tissue damage (James 1958, McKey 1974). Alkaloids

are frequently highly toxic to many animals (Bull et. al, 1968,

Schoonhoven 1972, Mattocks 1972, Culvenor 1973, Roddick 1974,

Hedin et. al. 1974, Janzen et. al. 1977) although the effect on

some Insects is equivocal {Hanley & Thorsteinsen 1967, Tevin 1976)

as certain insects can detoxify specific alkaloids. Alkaloids have

a bitter taste to mammals {Kingsbury 1964). Although not all

alkaloids are toxic some can severely disrupgt the anials

metabolism through their action on the metabolism of:-

1.} DNA replication, RNA transcription and protein synthesis.

i1.}) Membrane transfer processes.

iii.} Enzyme activity.

iv,) Blocking receptor sites for endogenous chemical
transimitters.

v,} Affecting the conformation oF other macco-alecules

(Robingon 1978} .

Alkaloids can be detoxified in small quantities by the mixed
function oxidase system of animals and by the rumen-microflora
(Kingsbury 1964). However, in some cases, such as the Senecio
alkaloids, the metabolites are more toxic than the alkaloid itself

{Mattocks 1972).

a. Experimental

Because alkalolds are so hetecogeneous chemically, and there are

so many of them, they cannot be identified in plant extracts using

a single chromatographic critecion. However, a mumbec of spacial

[ S,
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"alkaloid reagents" have been devised for screening for alkaloids.
Of these the most common are Dtagendorff's reagent and Mayeré

reagent. (Robinson 1979).

DragendorfES  reagent is & solution 3¢  potassium
tetraiodobismuthate which reacts to give a deep orange complex
with many basic compounds including some non-alkaloids like
choline (Bregoff et.al. 1953), It also reacts with a few non-basic
substances especially carbonyl compounds (Parmsworth eb.al. 1962).
Dragendcrffé ceagent reacts with neutral alkaloids (Robingon &
Fowell 1959) but not with common amino-acids (Winek & Pitzgecald

1961},

Mayer's reagent is potassium tetcalodomercurate (Cromwell 1955,
Szasz & Bada 1971). It gives an off-white precipitate with
alkaloids but also with some other types of plant constituents

(Robinsen 1979). This reagent works best in slighly acid solution.

The plant material was extracted with methanolic HCL {20ml
methonol + Sml @,2m HCL) at room temperature for 24 hours. This
was then evaporated to dryness and taken up in agueous HCL.

i.} A drop of extract was applied to _lter paper adjacent to a
drop of Dragendorﬁfé reagent {(Raffauf 1962} and the darkening of
the reagent noted in the area of fusion.

{i.) A few mls of solution were added to Mayer's reagent in a test
tube and the formation of a precipitate noted,

Precipitation was quantified as cloudy (+) slight +, intermediate

1
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++, strong ++,
iii. Cyanogenic Glycosides

Cyanogenesis is a widespread phenomenon in higher plants. The
tissues of at least 10¢ plant families and 580 genera produce HCN
when crushed (Gibbs 1974). Families noted For this phenomenon are
the Rosaceae, Leguminosae, Gramineae, Araceae, Compositae,
Buphorhiaceae and passifloraceas. The Cyanogenic potential of most
plants may be attributed to one of 23 known cyanogenic glycosides

(seigler 1977},

Cyanogenic glycosides are prevalent in young tissues (Jones
1962, Rehr 1972). Genetic polymorphism is widespread in cyanogenic
species (Jones 1971, Wass 1972, Cooper-Driver & Swain 1976,

Harborne 1977, Conn 3979},

Cyanogenic glycosides are formed from a cyancgen {CN) molecule
combined with & sugar. uUpon hydrolysis prussic acid (HCN) is
released  (Alpin 197G). Cyanogenic glycosides are stored in
vacuoles in the epidermal cells and the necessary hydrolysing
enzymes are in the mesophyll cells (Conn 1979, Kojima et. al.
1979), Hence HCN is only liberated when the tissues are crushed.
HCON combines irreversibly with the cytochrome oxidase enzymes
leading to asphixiation at the cellular level (Lewis & Elvin-Lewis
1977, Conn 1979). Many insects are poisoned by BON (Gilmour 1961,
Kelster & Beck 1964, Greshoff 1967) but some are abla to detoxify.

it (Parsons & Rothschild 1964, Rehr et. al. 1973j. Specialised
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insects such as the feliconid butterflies sven sequester
cyanogenic glycosides Erom the food for theic own defence (Gilbect

1971).

Cyanogenic glycosides are bitter to mammals and have aften
been the cause of stock losses (Kingsbury 1964). Ruminants ace
particularly susceptible to cyanide poisoning as the cumen
micreflora and the relatively high pH of the rumen promote
hydrolysis {Moran 1954). Detoxification in mammals is by the
wnzyme rhodanase, which is situated mainly in the liver and
kidneys. Some immunity to cyanide poinening can be acquired but
frequently the animaels develop othe: symptoms such as goitre

(Butler et. al. 1957).

a. Experimental

A small quantity of dried plant material was placed in a test tube
with a drop of water, two drops of toluene and lmg of emulsion (B~
glucosidase). A picrate paper was suspended above the mixture and
the tube firmly corked and left to incubate overnight at room
temperature. Any release of HON is detected by the dacrkening of
the piorate paper [Harborne 1973). Certain volatile aldehydes and
ketones as well as H2S and S02 also discolour picric acid
(Parnsworth  1966). A Plank and a tube containing crushed almonds,
rich in cyanogenic g¢lycosides, were run as controls. The tests
were repeated twice, once with a dry picrate paper and once with a

wet papec.,




iv, Saponins

Saponins have both toxic and digestion reducing properties
{Ishaaya & Birk 1963). Saponins are the glycosides of triterpenes
or sterols and have been found in over 83 plant Families (Basu &
Rastegi 1967), They are found in all pacts of the plant but
especially in the roots (Preston et, al. 1064), Saponin levels are
low in immature tissues and are highest in mature leaves (Ishaaya
& Birk 1965), and at the initiation of flowering. Saponin levels in
plantas decline as the plants senesce (Drozdz 1962, Marav'eva et,

al, 1964).

Saponins alter the surface tension of the ruminal contents.
This causes the gases produced by microbial fermentation to be
trapped in froth causing rumen bloat (McCandlish 1937, Quin 1942,
Olaron 1944, Lindahl et., al. 1954, 1957). The rumen microbes
degrade saponins so ruminants are rarely roisoned by these
substances, Saponins are not readily absorbed into the circulatory
system but may enter through abrasion to the gut wall. Saponing
have been proven to cause the death of sheep feeding on
Alfombrella forage ({Coburn-Williams 1978). Saponins containing
medicagenic acid precipitate cholesterol (Gestetner et, al. 197la
& b). They have a strong haemolytic activity due to their ability
to displace endogenous lipids from the lipoproteins of cell
membranes (Gurd 1968), thereby causing the breakdown of cell

merbranes.

Saponins have scme antimicrobial properties and interfere with

R
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water reabsorption in the hindgut of inse.ts (Applebaum & Birk

1972, Applebaum et. al. 1969).

a, BExperimental

The formation of persistant foams during extraction is reliable
evidence that saponins are present (Hacborne 1973). A simple test
for saponins is to shake up an aqueous alcoholic plant extract in
a test tube, The formation of a persistant foam indicates the
presence of saponins, There 1s a good correlation between the
amount of foam formed and the concentration of saponins present
(0'Dell et, al. 1959), Saponins were alsc detected by thin layer
chromatography (TiC) whersby plant extracts are separated out by
selected solvents and identified by spraying with specific colour

ceagents.

Dried plant tissue was hydrolysed with §.2M HCl for 4 hours.
After cooling the solution was neutralised and the dried residue
refluxed in hexane for 2 hours. The hexane was then evaporated off
and the residue takem up in CHCl3, This solution was then
subjected to TIC on silica gel in three separate solvents, CHCL3 -
Me2C0 {431} CHCI3 ~ Etodc (1:1) and hexane ~ Me2CO3 (4:1)}. The

best separation was achieved with hexane - Me2CO3 {(4:1).

Saponins were then detected as pink and purple spota by
spraying the plates with 5% antimony chloride in conc. HCI, and
the heating at 118 degrees C for 16 minutes (Harborne 1973).

Antimony chloride may also react with some terpenoids [Glennie
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pers. comm.}.

V. Mono- and sesqui-terpenes

Like saponins terpenes have both toxic and digestion-reducing
properties. Terpenoids cepresent one of the largest and
biolegically most important classes of natural products, They are
found in all plants and show a great structural and functional

diversity (Mabry & Gill 1979).

Terpenoids are based on the isoprene molecule and classified
by the number of these C5 units they contain. Monoterpenes (Cl6)
and sesquiterpenes {Ci5) are known as the essential oils, These
are localised in the cytoplasm or in glandular cells. Awong the
plant families some of the richest in these compounds are the
Compositae, Lablatae and Myrtaceae. Of the 996 known
sesquiterpenes virtually all are restricted to the Compositae
{Harborne 1973). These lower terpenes are usually bitter or
pungent and occur in complex mixtures in the cells,

Mono- and sesqui- terpenes frequently have an antimicrobial
function (Stroessel 197@, Rockwood 1974, Levin 1976b), for example
the ofls 1n citrus peel {(pabbah et, al. 1978). Monoterpenes have
also been proven to inhibit the rumen microflora of deer, and
hence iphibit digestion (Nagy et. al. 1964, Dh et. al. 1968,
Radwan & Ellis 1975) while sesquiterpenes have been implicatad in
sheep losses (de <ock et., al. 1968, Witzel et. al. 1976).

Essential oils are often harmful to insects (Burnett et. al. 1974,

w“ s [d
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1961). A well known natural insecticide is the monoterpene
pyrethrio (Elliot & James 1973). Other functions of sesquitecpenes
include allelopathic reactions by Artemisia species (McCohen et.

al. 1973},

Many of the higher terpenes are also toxic. The diterpene
glossypol in cotton and the irritant in the latex of Euphorbia
species are examples {Mabry & Gill 1979}, ‘'Toxic kriterpenes

include the lantadenes of some Lantana species (Hart et. al. 1976

& & b) and the exceedingly bitter curcurbitacins from members of

the Cucurbitaceae (Mabry & Giil 1979}.

a. Fxperimental

For the detection of mono~ and sesqui- terpenes dried plant
material was extracted in ether for an hour, then the filtrate was
concentrated down and subjected to TLC in benzene : chloroform
{1:1), The plates were irradiated by Uv light, dack spots
indicating the presence of tecpenes. The plates were then sprayed
with wvanillin - H2804 reagent and heated at 106 degrees C for 1g
minutes. Mauve to brown Spots indicate the presence of mono~ and

sesqui~ terpenes,

Replicate plates were sprayed with 2-4 dinitrophenyl hydrazine
to detect terpenes with ketonlc groups, which show as orange spots
on a yellow background, Terpenes with double bonds wers detected
on the third set of ceplicate plates as red spots when the plates

were exposed to bromine vapour after being sprayed with 4.85%

" e
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£lourescein in water (Harborne 1973).

Control plates were run using prepared mono-terpenes! Carvone
which has both a ketonic group and a double bond, citral and
citronellal which have an aldehyde group and a double bond and
terpineol with only a double bond (Marais pers. comm.).

vi, Ether-extractable Compounds

Ether extracts crude fats and terpenoid and phenolic cesins and
waxes from plant material (Bryant & Kuropat 198¢, Van Soest 1982).
Despite being an amorphous chemical grouping ether—extractable
materials are frequently mentioned in Ceding and digestion
studies and have been important leads to Linding the deterrent
chemicals of browse in Northern America (Ch et. al. 1867, 1973,

Radwan 1972) and Alaska (Bryant & Kucopat 1988).

a. Experimental

Dried plant material was extracted In ether overnight, then
filtered and washed until the filtcate wass colourless. The
filtrate was then evaporated to dryness at room temperature and

the reaidue welighed.
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5.3. RESULTS

1. nutclents

a. Woody plants

i, Mitrogen

The newly emerged leaves of woody plant species were rich in

nitrogen., The highest were the new leaves of A, tortills

containing 3.9 # ©.28 dry welght of nitrogen or 24.4% crude
peotein (Table 5.1.) 7The nitrogen concentration of the foliage
decreased significantly as the leaves matured, then declined
steadily throughout the year as the leaves aged (Fig S.1j. Tha
initial decrease was particularly macked for Q. pulchra. The new,
red, leaves were rich in nitrogen but by maturity the nitrogen
concentration of the leaves had halved. In the early dry seasan
the leaves began to yellow. The nitrogen content of the richest
species was 1.9 - 2.4% (12 - 16% protein) at this time and 1.2%
{7.5% protein) Eor the poorest species. By the end of the dry
seasoil only a few dried leaves of the declduous specles remained
on the bushes., Most of these leaves had an average nitrogen
content of 1.3% (B% protein), although the dead leaves of the

thorny specles and D, rotundifolfa still contalned over 1.6%

nitrogen (1%  protein). The evergreen species E, natalensis and

B8, pungens had a nitrogen content of 1.5 and 1.6% respectively

similar to that of the dried leaves of several deciduous species,

»
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The plants with the highest nitcogen contents in the mature

leaves ‘-re the three thorny species A. nilotica, A. tortilis and

D. ginecea, all of which are in the leguminous sub-family

Mimosoideae, G. flavescens and D, rotundifolia were also rich in

nitrogen. i leaves of all these species contained at least 2.5%
nitrogen (l6s protein]. C. molle and the less favoured species, 0.

pulchra, P, africanum, T. sericea and the evergreen E, natalensis

contained only 1.5% nitrogen (9 - 16% protein) in their mature
leaves. The lowest protein content recorded for woody plant leaves

was 6.2% for the dried leaves of 0. pulchra.

The nitrogen -untent of stems was less than that of leaves.
Soft new stems contained more nitrogen than the hardened stems.
The soft shoots of D. rotundifolia, R. leptodictya and the thorny
species contained around 2% nitrogen (1¢ - 13% protein) and those

of V. retmainii, E. natalensis and T. Sericea contained only half

this quantity, Hardened stems contained approximately 1.2 ~ ¢.7%

nitrogen. The hardened stems of D. ginerea and R. leptodictya were

cichest {n nitrogen and those of C. molle and T, gericea poorest,

ii, phosphorus

The seasonal rattern of distribution of phosphorus in wooedy plant
foliage was similac to that of nitrogen, with the new leaves being
rich In this minecal until they matured, and thereafter exhibiting

a slow decline in phosphorus levels (Fig 5.2.).

i - v
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The new leaves of A. toctilis, D, rotundifolia and V.

relmannii were particularly cich in phosphorus, containing 450 ~

N

398 mg/l86g dry weight (Table 5.2.). As with nitrogen the v
phosphocus  levels of O, pulchca foliage were very high in the new .
foliage but decreased rapidly as the leaves hardened, Immature

leaves of E. natalensis and P, afcicanum contained only half the i s

concentration of phosphorus found in the most mineral rich

b species. H

A. toctilis, D. rotundifolia, G. flavescens and R, leptodictya

F contained the highest levels of phosphorus in their mature leaves. : ,

B i

Vg The concentration of phosphorus in R. leptodictya leaves did not B
,i show any decline after the leaves had reached full size, so by the

‘fw“_ late dry season this plant contained higher levels of phosphorus , N '

o than were present in other species. In contrast the decline in
phosphorus levels in B, africana and 0. pulchra foliage was vecy H
macked, In the late dry season these plants contained less than 38

ma/le0g of phosphorus. This is a 14 fold decrease in the L.

- phosphorus  concentration of 0, pulchra leaves. Most other plants
K showed a 2-4 fold decrease in phosphorus levels through out the

p year,

The soft new stems of woody plants contained less phosphorus

than was found in the leaves, but more than in the hardened stems.

New stems of the Acacla species were comparatively rich in

§
% phosphorys with 248mg/108g while those of T, sericea and the

evergreen species contained half this amount. Once hardened the |

shoots of T, sericea contained only 58 my/10dg dry weight of

it
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phosphorus.

iii, Potassium

Potassiun is Ffound in relatively high concentcations in woody
plants, again the highest concentrations tending to be found in
immature leaves. After reaching Full size the plants showed only a
slow rate of decline in potassium concentrations, if any (Fig

5.3.).

The newly emergent leaves of D. rotundifalia and V. rehmannii
were particularly cich in potassium (Table 5.3.}. Other potassium
cich species were A, pilotica A, tortilis and §, flavescens with
approximately 150@ my/160g. The new leaves of T. sericea and 8,
africana contained only half this quantity. D. rotundifolia, V.
cehmannii and G, flavescens continued to be rich in potassium once
the leaves had matured, and contained at least 1200mg/1#¢g of
potassium. R, leptodictya was also cich in potassium. The two

species containing the lowest potassium levels in their matuce

leaves were B, africana and 0. pulchra with only 509 mg/18%g. In

the late dry season the semi-evergreen foliage of R. leptodlctyy
was richer in potassium than most ather plant species. There was
no cignificant ditference in the potassium concentration of the
evargreen leaves and the dead leaves of several deciducus species

in the late dry season.

Generally the woody plants contained more potassium in the

leaves than in the stems, exceptions being the new stems of D,

{
L
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Favoured Favoured Intemmediate and Non-prefecred and ‘Temporacy
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Fig 5.3. Changes in the concentration of Potassium the leaves of woody plants throughout the year,

Plants grouped according to their acceptance to browsing ungulates.
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rotundifolia and E. natalensis and the hardened stems of 0.
pulchra. 1In these cases a slightly higher concentration of

potassium was found in the stems than in the leaves.

iv, Caleiwn

The calrium concentration in tae leaves of wost woody plants
showed the revers: seasonal change to the other cations,
increasing as the leaves aged (Fig 5.4.). G. flavescens, and D.
rotundifolia differed in that the calcium concentrations in the

leaves were * ‘v high and remained fairly constant throughout

the year, ieaves of these species, and A. tortilis, C.
molle and V. e «di were the richest in calcium with an excess

of 480 mg/l866g. The calcium concentration of mature A. tortilis
leavas was very high at 1223 mg/1¢dg. Other calecium rich mature

leaves were of G. flavescens and D, ¢inerea. D, pulchra and B.

africana were very low in calcium both as immature and mature
leaves. P. africanum was also initially low in calcium but the
accumulation of calcium by this plant was rapid increasing four

fold over the year,

The stems, 1ike the leaves, accumulated calcium as they
hardened. Many species contained somewhat greater concentrations
of calcium in the stems than the leaves. However the revarse
pattern was shown by D, cinerea, G. flavescens and R. leptodictya.

The stems of D, rotundifolia, C. molle and G. flavescens were the

most rich in calcium,
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Fig 5.4, Charges in the concentration of Calcium in the leaves of woody plants throughout the year.
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v. Magnesium

The magnesium concentration in the leaves remained fairly constant
theoughout the year (Fig 5,5.). The richest plants were G,
Elavescens, V. rehmannii, D. rotundifolia and C. molle with
359-468 wg/168g, while 0. pulchca and B, africana contained only
169-189 mg/18gy (Table 5.5.). In the dry season D, clnerea, R.

leptedictya and B, africanun were also among the magnesium-rich

species,

The species contalning most magnesium in their leaves also had
the highest levels of magnesium in their stems, For most species
the concentration of magnesium in the leaves was greater than that
in the stems, but the opposite pattern was evident for B,

africana, D, rotundifolia and E. natalensis.

vi, Sodium

Very little sodium was detected in woody plants, The concentration
in the leaves was always below 10 mg/100g (Table 5.5.). Little
difference was detected between plant species or plant parts, but

generally A, tortilis and D, rotundifolia appeared to be slightly

richer in sodium than B, agricana and T, secicea (Fig 5.6.).

vii. Moisture

The moisture cont2nt of the Foliage of all woody species decreased

e e e

e il
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Sodium (ng / 1609}

Favoured Favoured

Intenmnediate and Non-preferred and Temporacy !
Thorny Plants Norr-thorny Barly Dry Season Late Dry Season Food Species
A= . nilotica A= V. rehmannii A= C, wolle A= E. natalensis o= 0, pulchra
0= D, cinerea 0 = G, filavescens ©= g, pungens 0= T. sericea O= 8, africana

¥ = A, tortilis ' v = R. leptodictya V= P, africanun Y = D, rotundifolia

t 2z 3 & 5 1 2z 3 & 5 1 2z 3 4 5 1 2z 3 & 5 1 z 3 &
Leaf Fhenology

{1 = New leaves; 2 = Young leaves; 3 = Mature leaves; 4 = 0ld leaves; 5 = Dried leaves)
Fig 5.6, Changes in the concentration of Sodium in the leaves of woody plants throughout the year.
Plants grouped accocding to theic acceptance to browsing ungulates,
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Water (% Presh Weight)

80

70

¢

50

49

Favoured

Thorny Plants
A= A, nilotica
O = . cinerea

V= A, tortilis

[ —

i - e o st e oo

Favoured
Northorny
a= V. relmannii

O =G, flavescens

e b b i o i i e

Intermediate and
Early Dry Season
A= C. molle
0= 8, pungens

v = R. leptodictya

U

Non-preferred and
Late Dry Season
A= g, natalensis
o= T, sericea

¥V = p, africanun

P

Temporary

Food Species
£,= 0, pulchra
0= B, africana

¥ = D. rotundifolia

13
=

1 2 3 4 5

T2 3 4 s 1

Leaf Phenology

28E-§

(1 = New leaves; 2 = Young leaves; 3 = Mature leaves; 4 = 0ld leaves; 5 = Dried leaves)

Fig 5.7. Changes in the concentration of Water in the leaves of woody plants

Plants grouped according to their acceptance to browsing ungulates.,

throughout the year.
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steadily as the leaves aged (Pig 5 7.}. The species with the
highest moisture content in the leaves were V, rehwannii, D.
rotundifolia and R. leptodictya in the wet season with 64-68%
moisture, while A, nilotica and E. natalensis contained only
53-58% moisture (PTable 5.7.). In the late dry season the same
species continued to contain the most water but the dead leaves of
E. natalensis, G. flavescens and B. africana contained less than a

third of their weight in watec.

viiil, Relationship between Nutrients

In woody plant foliage there was a strong positive correlation
between phosphorus and nitrogen and between phosphorus and
potassium (Table 5.8.)}. Correlations of these nutrients with
calcium and sodium were weaker but still positive. Magnesium was
relatively Independent of other nutrients and was only correlated
to potassium and calcium in the immature foliage. The meisture
content of the foliage showed a weak positive correlation with
potassium and magnesium in the late wet season and with potassium

and phosphorus in the dry season.

ix, Distribution of Nutrients,between Plant Species

A, tortilis, D. rotundifolia and G, flavescens were comparatively

rich in all nutrients, The three thorny or spiny species and new
0, pulchra leaves were notably rich in nitrogen. R, leptodictya
foliage contained much phosphorus, potassium and megnesium while

leaves of C, molle and V. cehmannii were rich in calcium,
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Phosghorus  B.613% 13
Potessium @249 11 @.7204% 13

|

i

i

!

Table 5.8. Tntercorrelations Betwsen the Nutrisnt Concentrations n Weody Plant Lesves '
1. New Leaves 1
Mtcogen  Phosporus  Potassim  Caletw  megneslwmn  Sodhm :

. 0 or n e nox a e woc n 3

i

i

caletun @37 13 8,377 13 BSR2 13

Magnestum  B.350 13 8,520 13 5.807+ 13 6.g59%4% 13

sodium a.501* 13 6.233 13 £.188 13 @.289 13 8.233 13
Water @332 14 482 13 6.8 13 8.287 13 6,300 13 -¢.185 13 §

14, Young Luaves {October to Decenber}
Bitrogan  phosphorus  Potasalum  Colofum  Magnesium  Sodfwm
. a nor a a nor »
Frosphorus  B.725% 14
otasstum  B.6m4% M G.5TM 14

calcion 8,599 14 G677 14 6.6330 14

Magnesiun  0.456 14 9.362 14 0.688¢% 14 B.674% 14

Sodion 2.981 14 5,302 14 -8.83¢ 14 6.2)5 140232 M

Watec 0,396 1 8.3 14 6197 14 0.857 4 8.320 M -6.3T L

411, Matuce Leaves (January to March)
Nitrogen  Phosphorus Potassium  Caleim  Megnesium  Sodiun

c noe o n o LI nor n

Hosphorus  8.667¢ 14
Potassiu @332 M B384 14

o

catcium 0.573% 14 9.754% 14 8561 14

Wagnesium 6,867 14 B.292 14 D.660F 14 B.a03 14
Sodiun B2 1 G415 14 BEGAM 10 8421 M @M U {
water 0.320 1 0,423 14 B.633 14 @265 34 8501 M 633 1 ‘1
i
i
. '
I
i
b
i
I
i
. - . . .
w - k. 24
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Table 5.8, Continued, . . i
I
tv. 018 teaves (Apri) to June) f
Nitrogen  Phosphorus Potassim  Calclm Magnesiim  Sodlum i
. o r ook o o oc n e » 1
Phosphorus  9.53¢% 14 !
Potassiun  B.5M4¢ 14 B,928%% 14 ‘
catcton D56 20 BTN 24 0.sn 14 4
Wogrestum  ~0.080 14 6.220 14 @282 M4 8.2 M
sodtin G665 14 8.3 14 @S 16 GTIH 24 mase 2
viater 8292 14 8623 16 BSOS 16 B24T M 828 1 8267 14
ﬁ‘ v. Drled Lwaves {ouly to Sepimber)
. j g Nltrogen  Fhosp..-us  Potassium  Calcium Magnesiun  Sodiwm
B 13 n o v nor o e nor n
B shospharus 8,834 14
ik potasslun  G.670% 14 67014 1
; catetn B215 1 828 M B L
o Magrestun  ~0.181 14§33 34 2.003 1 6154 14
: i Sodton 0669 1 084 31 683 U 6638 1 dw 1)
' : Water 243 1 BSTM 14 a1l 14 0264 14 8.842 M 0,496 U

{ Signiticance Levels : * P < B.05; ** P < 6.81; *** P < 3.001 )
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The matured leaves of B, africana and Q, pulchra were of low
nutrient content, often containing less than half the mineral
content of the most mutrient rich species. ¢, molle, T, sericea and

P. africanum were low in nitrogen, in addition P, africanum and E.

natalensis contained relatively little phosphorus.

The nutrient status of stems usually reflected that of the
leaves. Stems of E. natalensis and T, sericea were particularly
poor in nutrleats and R, leptodictya stems were comparatively

mineral rich.

b. Forbs

i. Nitrogen

The nitrogen content of whole forbs was highest in immature plants
and declined as the plasts aged (Fig 5.8.). J. flava and the spiny
forb 5, panduraeforme ware particularly rich in nitrogen (Table
5.9.). 'The preflowering plants contained 4% nitrogen (258
protein}, decreasing to 3% and 2.1% respectively by the end of the
year. The forb with the lowest nitragen content was 0. herbacea

having only 1.6 - 1.1% nitrogen (7-18% protein).

ii. Phosphorus

Most forbs displayed a gradual de. ' . . their phosphorus

content as the plants aged (Fig 5.9,). Pla: iichest in

A - i




Nitrogen (% dry weight)
»
n

Favoured Intemadiate Dry Season Resecve Nonr-preferred

a=T, forbesii A= 1. macra A= H. grisea &= 0. herbacea
© = p, campestris © = g. alsinoides O = W, indica O = §, panduraeforme
. V=J. flava v= 5. cordifolia
1 1 i 1
I I I i
. +
i 1 1
i 1 I
1 I i
+ + +
i 1 |
i 1 i
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+ + +
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+ > I >
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[ 1 1
i i
+ + #
I | 1
i i §
i i i
+ + -
i 3 1

»
w
=

1 2 3 B v 2 3 [ 1 2 3 [
- Plant Phenology

{1 = pre-flowering; 2 = Flowering; 3 = Post-flowering; 4 = Dried Plants}
Fig 5,8. Changes in the concentration of Nitrogen in whole forbs throughout the year. Plants

grouped according to their acceptance to browsing ungulates.
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phosphorus (mg / 1009}

Favoured Intensediate Dry Season Reserve Non-prefecrred

Plant Phsnology
{1 = Pre-flowering; 2 = Flowering; 3 = Post-flowering; 4 = Dried Plants)
Fig 5.9. . Chages in the concenteation of Phosphorus in whole forbs throughout the yeac. Plants

grouped according to their acceptance to browsing ungulates,

A= T. forbesii » A= 1. macra &= H, grisea A= 0, herbacea
O = P, campestris O = E. alsinoides O = W, indica O = 5. panduraefonne
V=J. flava ¥ = 5. cordifolia
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phosphorus were 8, pandurgeforme and S. cordifolia with 37¢-180
ng/19%9, wnile Q. herbacea contained only 158-66 mg/1p0g of

phosphorus (Table 5.19.).

iii. Potassium

The potassium concentration of wany forb species decreased as the
plants aged (Fig 5.18.). P. campestcis and J. flava were richest
in potassium containing over 260¢ mg/iBfg (Table S.11.).
preflowering plants of 8, panduraeforme were also crich in
potassium, Q. herbagea contained less than a quarter of the

potassium concentration of these three farb species,

iv. Calciwn

The concentration of calgium in whole forbs remained fairly stable
throughout the year (Fig §.11.}. J. flava was exceedingly rich in
calcium with 2009-308¢ mg/106g {Table 5.12.}. The second cichest

plant, contained only half this amount of calcium, Q. herbacea and

H. grisea contained only 40¢-80zmgy/180q.

v. Magnesium

The magnesium content of the forbs remained fairly constant,
although a slight decline was evident for T, forbesii,
P.campestris and J. flava plants as they aged (Fig 5.12 }. By far
the richest species was J. flava with 87¢-72¢ mg/13¢g (Table
5.13.}, while the next richest species, P, campestris, contained

il s
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Favoured Intemediate Dry Season Resecve Won-preferred

A= T, forbesii a= 1. macra A= H, grisea

Q= P, canpestris © = E, alsinoides 0 =W, indica

V=3, flava v= 8§, cordifolia

J—

A= 0, herbacea

O = 8. panduraeforme

Plant Phenology
(1 = pre-flowering; 2 = Flawering; 3 = Post—flowering; 4 = Dried Plants)
Fig 5,16, Changes in the concentration of Potassium in whole forbs throughout the year, Plants

grouped according to \:hei:: acceptance to hrowsing ungulates,
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650430 wy/l60g. Least magnesium was found in T. forbesii, B,

alsinoldes and I. macra plants with little over 200 my/100g.
vi. godium
Sodjum was scarce ia Fforbs and showed no seasonal change (Fig

5.13.). J, flava contained most sodium with 12 mg/128g as opposed

to 3 mg/108y in T. forbesii. (Table 5.14.}.

iiv. Moisture

Several forb species contained over 7¢% water {n the wet season
and nune contained less taan A% water (Table 5.15.). Generally
there was a devrease in the moisture content of forb plants as
they aged, but the stemmy, perennial species had a slightly lower
moisture content in the {mmature phase than at maturity due to the
fact that the new leaves grew on the previous years stems (Fig
5.14.) . In the dry season most species contained around 45%
moisture but E. alsinoides and 0, herbacea plants dried up to

contain only 26-32% water.

viii, Relationship between Nutrients

In forhs phosphorus was hot correlated to the nitrogen cortent and
was relatively independent of othec minerals (Table 5,16.).
Nitrogen tended to be positively correlated to sodium. Strong
pogitive correlations existed between magnesium with calcium and

potassium, Moisture was also correlated to potassium and magnesium

© . R
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Table 5.14. The Sodium Concentration ( mg / 3669 ) in Whole Forbs

Species Pre— Flowering Post- Dried
Flowering Plants Flowering Plants
oct to Dec Jan to Mar Apr to June July to Sept

Mean SE n Mean SE n Mean SE n Mean SE n :

Evolvulus alsinoides 5.6+~ 1 3.8+6.5 5 3.6 & ~ 1 4.4 £ 1.3 2
Hermannia grisea 4.6 6.4 7 2.2+28 2 24t~ 1 5.7+ - 1
Indigofera macra S.3%1.5 5 57418 3 - - - 33+06.5 2
Justicia flava 1.2 4 - 1 119 +2.6 3 12.6 +6.3 2 - - -
Oldenlandia herbacea 6.6 +3.5 2 3.9+16 2 3.6 +0.4 2 2.8 £~ 1
pollichia campestris 37463 7 4.9 £ 0.2 2 58 +1l6 3 3.0 + - 1
N 8ida cordifolia 5.8+1.8 3 4.0 + 6.4 7 6.3 & - 1 6.3+13 3
Solanum panduraeforme 3.2+06.6 6 4.5 + 0.7 2 3.4+4.5 4 5.0 & - 1
¥ Tephrosia forbesii 2.6 +06.2 2 3.3+4d.4 3 3.3x17 2 - - -
; waltheria indica 4.4+0.8 4 4.¢ + 8.7 3 3.8+06.7 3 3.7+208 2 w
§
R e PR i e s
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able 5.16. Intercarrelations Between the Nutrient Concentrations in Whole Forbs
1. Pre-flovering Plants (Octaber to Decenber)
Nitrogen  Phosphorus Potassiun  Calclum  Megnesiun  Sedium
€ noe nor nor 0o sor n

Phosphorus  8.568 16

Potassie  B.712¢ 18 8733 18
Caloiun 8.7500 10 -9,015 18 8.289 19

Magnesfun  B.611 18 8,311 10 ©.823 18 6.698% 1p

Sodtum 6.350 10-6.288 18 0.623 15 0.839%* 16 8.585 10

Water €.509 19 £.603 10 B.652¢ 10 0.275 10 0.708% 18 -8.014 16

11, Elowerlng Plants {January to March} i -
it Mitrogen  Phosphorus Potassiun  Calciun Magnestun  Sediun
e ¢ n e n e n e n o« noc n .

Phosphorus 8,482 16

7 Potassim  B.493 16 0.389 10
calclun 8.675* 10 b.126 18 9.692¢ 18 :
Wgnesium  B.481 16 -5.083 13 @.835% 14 G.B92 1¢ i
Sodiem £.565 16 ©.605 16 £.553 10 e.000v 1p 0.826% 18 :
water 813 10 0.205 18 B.672 19 £.599 10 071+ 10 0.492 19 .

131, Post-flovering Flants (April to June)

Nitrogen  Phosphorus  Potassiun  Calciun  Megnesiun  Sodiwm
b 13 nor a e woc nor 6o n

3 H Phosphorus  9.413 S

Porassim 8,745 9 g8 9

: Calciun 0.965%%% 9 9,336 9 8.741* 9
- ./v) Hagnesiun 0.685% 9 8.197 9 0967 9 B.T04* 9
- Sodium B 9 QM1 O BIEF 9 g8 9 072 9
: B Water #.182 12 8.565 9 #.518 9 8.145 9 9.586 9 -0.091 9
} v, Dried plants (July to Septanber) ‘
+ : Mltrogen  Phosphorus Potassium  Calcfun  Magneslom  Sodlun ;
‘ noe nor [ o or Wor n

Prosphorus  €.486 6

|
:l?% Potassiun  ~8.267 6 0.302
Calcium 8.697 6 B.766% sz 8

Sodium 6.494 & 0.748% 219 8 esu 3 0.2 @

8
a
Magneslun  8.057 6 8.471 B B.822* 8 0.648 @
8
[

Water 2121 6 8310 2488 & 2.433 8 0.603 8 6.347 B i

( Significance Levels ¢ ¥ © < 8.85; ** P < 8.51; *** b < p.a1 )

. v
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in the growing season.

ix. Distribution of Nutrients between Forb Species

J. flava contained far higher concentrations of all nutrients
except phosphorus than most other species. S, panduraeforme was
also rich in nutrients, especially nitrogen, phosphorus and
calcium. P. campestris was rich in potassium and magnesium, while

§. cordifolia was rich in potassium and phosphorus.

The forb c¢ontaining the least nutrients was D. herbacea. H.
grisea was low in calcium and T. forbesii contained relatively

little magnesium and sodium.

¢. A Comparison of Nutrient Concentrations in Woody Plant Leaves

and Whole Focbs

Woody plants showed a rather more Clear cut sSeasonal change in
the quantities of nitrogen, phosphorus, potassium and calcium in
the foliage than was observed for forbs. Forbs did not appear to
accumulate calcium in their tissues as the plants aged, even

though this was noticeable for woody plants.

The two forb species J. flava and §, panduraeforme had higher
nutrient levels in their tissues than were found in any woody
plants, On average forbs tended to contain higher levels of
potassium and magnesium than woody plants, but levels of nitrogen,

phosphorus, caleium and sodium were not significantly different

A,
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between the leaves of woody plants and whole forbs including stem
tissue {(Table 5,17.}. Thus forbs leaves are on average probably
wore nutrient rich than woody plant leaves. The variation between
individual plant species however is greater than that between

growth forms.

The ratio of minerals was similar in woody plants and forbs
Eor all minerals except for potassium which made up a greater
proportion of the mineral content of Fforbs. In all plants

potassium was the most common mineral and Sedium was scarce.

2. Fibre

a. Woody Plants

i. Neutral Detergent Fibre (NDF}

The neutral detergent fibre content of the foliage of woody plants
was lowest in the new leaves then increased once the leaves had

attained full size (Fig 5.15.).

The most fibrous mature leaves were those of Q, pulchra,
Almost half the dry weight of these leaves was due to fibre.
Leaves of S. pungens and T, sericea also contained over 4¢3 fibre,
The pAcacia species and the two aromatic species, R. leptodictya

and V, rehmannii had the least fibrous leaves (Table 5.18.).



Favoured Favoured Intermediate and Non—preferred and Temporary

Thorny Plants Non~thorny Early Dry Season Late Dry Season Food Species
b= p, nilotica A= V. rehmannii A= C. molle &= g, natalensis &= 0. pulchra
©= D, cinersa Q= G. flavescens O= S. pungens o= T. sericea 0= B, africana

= A. tortilis ¢ = R. leptodictya V = p. africanum ¥ = D. rotundifolia
9 1 | ¢ - ;
£ + + +
3 i |
2 i 1
o i 4
° 1 |
* 1 t
M i |
4 + +
2 ¥ ]
: | !
=
8 A % %
i 1 |
2 | i
~ * +

I 1
4 1 ]
3 s :
2 + +
1 N
i 2 3 4 s 1 2 3 & 5 t 2 3 4 5 1 2 3 & 5 1 2 3 & 3

BPY-G

Leai Phenology
(1 = New leaves; 2 = Young leaves; 3 = Mature leaves; 4 = 0ld leaves; 5 = Dried leaves)
Fig 5.15.Changes in the concentration of Nsutral Detergent Fibre in the leaves of woody plants

throughout the year. Plants grouped to their to ing ungulates.
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The leaves of most species were significantly less fibrous
than the stem tissue, The least fibrous new, soft stems were those

of D. rotundifolia and R. leptodictya, These were no moce £ibrous

than the leaves with only 28-36% fibre. Even after hardening the

stems of these two species were the least fibrous. D. cinerea, C. :

C molle and 0. pulchra stems always contained over 50% fibre, but
the tough mature leaves of Q. pulchra were no less fibrous than L

the stems,

ool The foliage of P, africanum could not be analysed for fibre as

it formed a thick mucilaginous slime with the neutral solution, so

stopping the extraction process. i

ii, Neutral Detecgent Fibre minus Acid Detergent Fibre (NDF — ADF)

Using the detergent fibre method of analysis the diffecence iy

e between the NDF and ADF fractions is a rough measure of the

hemiceliulose content. Taking into consideration that up to a

quarter of the hemicellulose may be lost in this procedure,

[ hemicellulose is still a wminor constituent of the total fibre

content of woedy plants.

s The NDF - ADF content of woody plant leaves appeared to reach
a peak in the young or mature leaves then decrease as the leaves
began to senesce (Pig 5.16.). This change however was not i
significant due to the wide range of NDF - ADF values cecorded

» within individual species. The leaves of D. rotundifolia and G.

. v et .
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flavescens were richest in this fraction which constituted less
than 10% of the dry weight (Table 5.19.). The leaves of V.

rehmannii and Acacia species contained only 3% NDF -~ ADF.

Stems were generally richer in this fraction than leaves,

except for D, rotundifolia, G. flavescens and R, leptodictya in

which the pattern was reversed.
iif. 2cld Detergent Fibre minus Acid Detergent Lignin (ADF - aDL)

Acid Detergent Fibre consists mainly of two fractions, cellulose
and lignin, Due to their differing digestivilities these fractions

have been considered separately.

The ADF - ADL approximates to the cellulose content o plants.
The ADF ~ ADL concentration increased in the leaves of A.
niloriza, D, cinerea, G. flavescens and the evergreen species as
they aged, For B, africana and 0. pulchra the main increase in
this fibre component came once the leaves achieved full size. The
remaining species showed little change in the ADF - ADL contents
of the leaves throughout the season (Fig 5.17.). Leaves of 0.

pulchra and B, africanum contalned over 258 ADF ~ ADL. B. africana

and B, natalensis were also rich in this fibre (Table 5.20). A.

nilotica, €. molle and R. leptodictya contained less than 15% of

ADF - ADL.

Withi{n species the ADF - ADL content of leaves and stems was

similar, The soft stems of B. africana and §. £lavescens were rich

@ o vy -
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in this fibre while those of C, wolle and 8, pungens vontained

only 8%. The hardened stems of T. sericea, 0. pulchra and 2.

africanum contained the most ADF - ADL and E, natalensis and V.

cehmannii shoots contained the least,

iv, Acid Detergent Lignin minus Acid Detergent Ash {ADL - Ash)

The ADL content of the leaves was fairly constant through out the

year (Fig S5.18.)., Leaves of (, pulchra, P, africanum and T,

sericea contained in excess of 20% ADL, while the leaves of R.

leptodictya and the Acaclia species contained only half this

quantity (Table 5,21.}.

Unlike the leaves, the stems di@ become increasingly lignified
at maturity. Generally stems contained more ADL than the leaves,
except in the case of Q. pulchra, T, sericea and the two evergreen
species, where both leaves and stems contained similar amounts of

ADL on a dry weight basis, The stems of D, rotundifolia and R,

leptodictya were relatively low in ADL as were the leaves. The
stems of D, cinerea, G, £lavescens and C, molle were the most

lignified,

v. Relationship between Fibre Constituents

Neutral detergent fibre was most closely correlated to ADL in all
but the dried leaves, The converse pattern was true of ADF - ADL
which only correlated with NDF in the dry season (Table 5.22.).

ADL and ADF =~ ADL concentrations correlated only in imuatuce

N,

o il
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foliage. Concentrations of NDF - ADF were fairly independant of
the other fibre Eractions. All forms of filre accumulated in the
stems as the plants aged, but for the leaves the major
accunulation of fibre was when they achieved full size, there
after little or no increase in fibre concentration was evident for

many of the species.

The main difference in the fibre contents of leaves and stems
was in the greater proportion of NDF and ADL in stem tissue,
Average conCentrations of the other fibre components did not
differ significantly between leaves and stems (Table 5.23.). Since
ADL is but a component of NDF it seems that it is ADL which is the

greatest distinguishing component between leaf and stem tissue.

vi. Distribution of Fibre Components between Plant Species

The ADF Eraction accounted for most of the f£ibre in woody plant
Foliage, with NDF - ADF making up only & small propoction of the
total fibre content. The most fibrous leaves were those of Q.
pulchra, T. sericea, §. pungens and P. africanum, Acacia leaves

contained least Fibre, but the thorny stems were fairly fibrous.

The species with the wost fibrous stems were 0. pulchra, G.
flavescens, C, molle and D, ginerea, The stems of Q, pulchra were
comprised mainly of ADF - ADL while those of D, cinerea were

comparatively rich in ADL. D. rotundifolia and R. leptodictya

stems were low in all forms of fibre.




Table 5.2, Intercorrelations Setween the Plbre Concentrations in Weody

New Leaves

NOF = ADF
ADF - AL
At

NOE
€ n

0.7 13
8421 13
e3u3H 13

i1, Younj Leaves {Octaber to Decenber)

- ADF
At

-

NOF
r 2

o3 13
0337 13
839 13

145, Matore Leaves (Januacy to March}

- Ao
ADL

EE g

NDE
¢ a
0.706%* 13
8814 13
0.778% 13

1v. 01 Leaves (April to June)

MOF - ADP
ADF = AL
Aoz

Vo Drled Leaves (uly to September)

NOF - 2OF
aDF - AL
At

NDE
[ n

o408 13
6.655¢ 12
a.6160 13

NpF
. n
~Ba61 13
87180 13
8.213 13

Plant, Leaves

NDF = ADF

11 n
-9.504" 13
-0.033 13
NDF - AD§

r n
0.09 13
-2.892 23
NOF - AOF

[ n
-a.30 1
e 13
NDF - ADP
13 [
-8.957 13
-0.875 13
NDE - ADF

e n
-2.162 13
-8.205 13

S-48a

ADF -~ ADL,
c n
0.552% 14

ADE - ADL
v n
o.508%  1¢

ADF = ADL
1 n
o001 14

ADP - ADL
¥ n
8,86 14
ADP - ADL.
13 n
B85 14

1 signiticance Lavess 1 ¥ P < 0.65; *¢ P € 8,01y ** P < 0.681 )
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b. Forbs

i, Neutral Detergent Fibre (NDF)
Whole forbs became increazingly fibcous as the seasons progressed
(Fig 5.19.). Many Forbs contained In excess of 4¢% NDF (Table

5.24.). The most Fibcous species, P. campestcis, O, hecbacea,

I, macra and T. forbesii,contained between 40% and 68% Eibre. The
least E£ibrous plant J, flava has Fairly soft green stems and

cantained only half this amount of fibre.

ii, Neutral Detergent Fibre ninus Acid Detecgent Fibre (NDF - ADF)

This fraction was a minocr component of the total fibre content of
most forb species and showed little sgeasonal change in
concentration within the plants (Fig 5.28.). 8, cordifolia and B.
campestris contained 14% of NDF - ADF while focr J. flava and W.
indica this fraction comprised less than 4% of the dry mass of the
plancs, Most other forb species contained between 6 amd 8% of NOF

= ADF (Table 5.25.).
i{i, Acid bDetergent Fibre minus Acid Detergent Lignin (ADF ~ ADL}
Concentcations of ADF ~ ADL showed only a slight seasonal increase

for most forb species and none at all for J. flava and I. macra

{Pig 5.21.). P. campestrls, W. indica and T, forbesii wece

cowpacatively rich in ADF - ADL, but for J. flava, S. cocdifolia

and E. alsinoides this Eraction accounted for only 1@% of the dry
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b. Forbs

i. Neutral Detergent Fibre (NDF)

Whole forbs became increasingly fibrous as the seasons progressed
(Fig 5.19.}. Many forbs contained in excess of 44% NDF (Table
5.24.;. The most fibrous species, P. campestris, Q. herbacea,
I. macrs and T. forbesii,contained between 40% and 6% fibre. The
least fibrous plant J. flava has fairly soft green stems and

contained only half this amount of fibre.
11, Neutral Detergent Fibre minus Acid Detergent Fibre (NDF - ADF)
This £raction was a iinor component of the total fibre content of

most forb species and showed little seasonal change in

coneentration within the plants (Fig 5.28.). 8. cordifolia and B,

campestris contained 14% of NDF - ADF while for J. flava and W.
indica this fraction comprised less than 4% of the dry mass of the
plants., Most other rorb species contained between 6 amd 8% of NDF

— BDF (Table 5.25.).
1ii, Acid Detergent Fibre minus Acid Detergent Lignin (ADF ~ ADL)
Concentrations of ADF ~ ADL showed only a slight seasonal increase

for most forb species and none at all for J. flava and I. magra

(Fig 5.21.). 2. campestrls, W. indiga and T. CEorbesii were

comparatively rich in ADF ~ ADL, but for J. flava, S. gordifolia

and B. alsinoides this fraction accounted for only 10% of the dry
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Table 5.24. The Neutral Detergent Fibre Concentration (

Species

Evolvulus alsinoides
Hermannia grisea
‘Indigofera macra
Justicia f£lava
Oldenlandia herbacea
Pollichia campestris
Sida cordifolia
Solamm panGuraeforme
Tephrosia forbesii

Waltheria indica

Pre-
Flowering
. Oct to bec
Mean SE
6.6 £ 2.3
40.9 + 4.0

24.1

-+
[

44.1 + 2.8
51,7 + 3.9
34.2 + 1.7

41.2

H
|

31.8 + 1.2

*

L S -

Flowering

plants

Jan to Mar

Mean

SE

411 + 2.0

46.0
56.9
31.8
52.5
53.7
36.9
45.5
49.8

37.7

k4

e e

Il

2.3
3.1
2.6
6.8
1.2
3.3
4.4
2.2

3.1

N W oW e

wow s s

% Dry Weight ) in Whole Focbs

Post- Dried
Flowering Plants
Apr to June July to Sept

Hean  sE n Mean SE n

51.8+0.9 2 SLli-~ 1
55.8 3.9 4 44,6+~ 1
ST+~ 1 585326 2
31.8+3.4 2 3B/Ii- 1
49.4+83 3 - - -
52.4%- 1 667+~ 1
47.6£- 1 58.4+3.2 2
5.6+~ 1 S5L7155 2
572467 2 - - - -
41428 2 45.2:- 1

q6Y-S
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mass of the plants (Table 5.26.).

iv. Acid Detergent Lignin minus Acid Detergent Ash (ADL ~ Ash)

The copcentration of ADL showed a seasonal increase in

concentration for all forb species (Fig 5.22.). Both Q. herbacea

and H, grisea were relatively highly lignified containing over 233
ADL {Table 5.27.}. Most other forbs contained in excess of 158 ADL
once they were matured. J. flava contained the least ADL of all

the plants analysed, containing only 8% of this fraction.

V. Relationship between Fibre Constituents

Meutral detergent fibre was significantly correlated to both the
ADI, and the NDF - ADF fractions at all times, but only to ADF -
aDL  in dried plants (Table 5.28.). The three sub-fractions of NDP

showed no significant intercorrelations.

vi. Distribution of Fibre Components between Forb Species

J. flaya contained very little fibre of any type. 0. herbacea and
H. grisea were the most lignified of the forb species analysed and
S. penduraeforme end T. forbesii were vich in ADF - ADL.
Concentrations of NDF and and its component ADL showed an
accumulation as the tissues aged, but concentrations of ADF - ADL

and NDF - ADF remained fairly constant,

N
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Table 5.28. Betyaen the Fibre in Whole Forbs

1. Pre~flovering Plants {October to Decenber)

NOF NOF - ADE 20F ~ DL
r n r n I3 n

NOF - AOF a.821% 18

ADF - aDL -850 18 -0.35¢ 10

AL 8,874444 15 -8.53¢ 15 -8.43 18

i1, Plovertng Plants (January to March)

[ NDF ~ A ADF - AD.
) 11 n 4 n

NOF - AL, LR

ADF - a0, PET) (BTN

AL P 8.382 1 8.259 18

141, posttlowering Plants (April to Junel

NoF NOY - ADE ADF ~ aDL
3 " e a 3 n
NOF - ADF 8.667* 18
AOF = ADL, 0358 18 e 18
At B.625% 15 @234 1o 2
iv, Dries Plants (July to September)
NDF NDE - ADF HOF - 2Dl
° n e n i n
NDP - ADF 2.876%%* 10
ADE = ADL 8.738% 10 8.562 18
AL B.I6* 1B 8.359 18 2.386 10

{ Signiioance Levels : % b 4 6.8%; * P < 9.01; *+* P < 0821 )
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@, A Comparison between Fibre Contents of Woody Plant Leaves and

Whole Forbs

On aversge, forbs contained a slightly higher proportion of all
£ibre Efractions than did woody plant leaves, due to the inclusion
of stem tissue of the forbs. The differences however were only
significant for ADL (Table 5.29.). This is partly because AUL is &
major component of stem tissue in both weoody plants and forbs but
also the ratio of ADL to ADF ~ ADL of forbs was higher at 1.8 than

in either woody plant leaves (8.9) or stems (1.3).

3, The Relationship between Nutrient and Fibce Contents of Plants

a, Woady Plants

As the leaves and stems of woody plants aged the amount of Eibre
increased and hence the relative quantity of cell sap containing
most of the nutrients gecreased, Only concentrations of calcium,
which is partly assoclated with the cell walls, increased as the

foliage matured.

The nitrogen concentration in the leaves was negatively
correlated to ADL csatents in  all but the dried leaves (Table
5.38.). The relationship between the other nutrients and fibre
components other than NDF ~ ADF were generally negative but failed
to reach significance at the 95% confidence limits. The

correlations between NDF ~ ADF and nutrients were often around




Table 5.29., Comparison between the Fibre Concentrations ( § Dry Weight ) i. Mature Leaves

Nutrient
¥DF

NDF - ADF
ADF -~ ADL
ADL

of Woody Plants and in Whole Focbs

toody Plant Leaves

viean
38.7

4.7
15.7

14,1

o

23

SE Max  Min
2.6 46.8 — 26.9
Ll 167 - 6.6
1.1 23.8- 8.1
1.4 25.3- 5.8

Whole Forbs

Mean SE
44.6 £ 2.3
7.2 ¢ L.
16.4 % 1.1

19.1 £ 1.6

Hax Min n t -
$3.7 — 31.9 22 2.003
13,9 - 2.1 21 2.¢¢8
13.9 - 5.6 24 3.421

25.5 - 7.5 24 2.357*

{ * significantly Different : P < @.05 )

e15-S




Plant Leaves

1. New Leaves

WP NDF - ADF
r n r )

Nitrogen -8.498 13 -p.560% 13
shosphorus 0222 12 ~.467 12
Potassium 302 12 8.1 12
calcium -B.002 12 0.165 12
Magnesium 099 12 6.008 12
Sodium 0481 12 -0.127 12
Water 6.2 13 -8.067 13

1. Youny Leaves {October o Decesber)

NOF NDF - ADF
I3 a r »
Nitrogen -8.37 13 2.3 13
‘phosphorug “B.53 13 2288 13
Potassiue 5.3 13 2,362 13
calelm 9.083 13 0.8 13
Mognesiun 5201 33 830 13
Sodlusn a8 13 8.306 13
Water 826 13 9.529 13

{11, Mature Loaves ({January o Macch)

NoE NOF = ADF

' n ¥ n

Nitrogen 6.4 13 8,267 13
Phosphorus 0,084 11 8219 2
Potasstm .43 1 <o.082 13
ealoim ~8.269 13 2671 13
Mognesian 5.5 13 2199 13
sodiun -89 13 ~p,048 13
Water a0 13 0.2

ADF - ADL
i n
“5.326 1
-0.27 33
-6.285 13
-6.338 13
-0.062 13
-0.323 13
LRt T
ADF - ADL
. »
-0.445 14
-8.414 14
-8.656* 14
-0.6924% 14
-8.589* 14
8,238 24
2190 14

ADF - B0,
13 n
~0.122 14
-8216 14
“0.274 14
8296 1w
~B.418 14
“b.248 24
2312 18

5-51b

anL

¥
0,556
~5.486
~0.366
-0.212
-0,279
-0.626%

£.836

a0t

~3.652*
~B.491
-8.426
«B.450
~8.088
-8,155
6.008

~8.616%
0,351
0,520
8,447
@847
~0.354
.38

38. Intercorrelations Betwsen the Nutrlent and Pibre Concentrations in Woody




Table 5.38.

. Continued,

v, 01d Leaves {April to June)

Netrogen
Phoaphorus
Potassiom
celotun
Magnesive

Watar

1v, ried

M trogen
Ehosphoris
Potasstun
Calesun
Mognestun
Sodlum
Waber

NpP NDF = ADP

° n 3 n
~a.48 13 o.028 13
2213 13 8133 13
-0.303 13 @242 13
-8 13 814 13
0.3 13 e.09 13
-0.098 13 B¢ 13
0.2 13 8.278 13

Leaves {July to Septenber)

o MY - ADF

£ a 3
-0.042 13 ~8.834
ELRT Y 6.098
-0.413 13 8,834
-2l 13 ~8.158
-0.165 13 031
“443 11 ~8.243
-2 13 9,380

n
1
13
13
ft)
13
1
13

ADF ~ DL

2,969
~8.319
8,488
~B.567%
~8,314
-p.142
~2.267

ADE ~ pOL

13
€376
a1

-0.017

~f1,455

-0.173

2,573

~8.24)

5-5ic

oL

13 n
R
~g.575% 14
6830 14
“g.608% 14
0.032 14
~8.468 14
-8.291 ¢

DL

¢ n
~0.515 14
-pal 1Q
~8.086 1
-2.35 14
.21 1
-.471 11
~8u400 14

{ significance Lovals : % P < 0.05; * P < @.61; ¥** P ¢ 0.001 }




zero or slightly positive rather than negative as for the other

fibre fractions.

The ammed species tended to be of high nitrogen and low fibre
content (Flg 5.23.}. The catlo between the NDF and crude protein
content of the leaves of the Acacia species was between 1 and 2.5

while leaves of the third armed species D, cinerea and of G.

flavescens and R, leptodictya also had a low fibre to protein

ratio,

Leaves of Q. pulchra initially had a low proportion of fibre
but by the late dry season the leaves contained eight times as
much NDF as protein. Many species contained four times as much

fibre as protein by the "ate dry season.

b, Forbs

AS with woody plants the build up of cell wall components in forbs
gradually diluted the quantity of cell sap and hence most
nutrients in the tissues. The nitrogen concentration in forbs was
significantly negatively correlated to the NOF and ADL contents in
the pre-flowering and post-Elowering phase forbs but fell to just
below the 95% confidence limits in the £lowering phase plants
{Table 5.31.}. The relationship between nitrogen and NDF - ADF or
ADE - ADL contents of forbs was negative but not significant, The
relationship between all the minerals, except phosphorus, with ADL
wag negative and ceached significance in the flowering phase,

Correls’jons between minerals and NDF were similar to those with

i
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Table 5.31. Intercorrelations Between the Nutcient and Pibre Concentrations n Wiale
Porbs
5. Pre-flovering Plants (Ootober to December)
. wr HOF - ALE ADE - AL o
c n . n 13 n 3 n
3 Ritrogen ~e.665¢ 1B £.399 16 -0.63 18 0
N ehosphotus ean 1 G2 16 843 10 587 lo i
Potassim ~0.363 16 0019 18 0.3 18 -0583 18
) calcium ~a.697* 18 -p.5M 16 o453 18 ~a361 18 .
: Magnesim g8 18 <082 10 G460 18 263t 18 ’
sxtivn o388 18 -8.325 16 55} 10 )
water 1% o -0 g e33t ¥ -3 M -
11, Flowecing pPlants (January to Mareh) N
Nop HDF - ADE AOF - B0L AL, )
P ¢ 13 n 3 n c a r » .
T Nitrogen ~522 1 0420 18 -0.448 18 -9.662 10
: Bhosphorus a1 18 -e.095 18 -g.28L 16 699 18
f Potassiem 8357 W 6. 10 6165 18 .75 10
. calelun ~B.636% 10 ~B.578 18 -0.247 10 ~8.844%% 10 : )
Hagnesiun 3548 18 <6206 18 ~BAS5 1B ~0.080% 10 )
sodtun ~0.492 3¢ PS8 19 -0.012 18 -0.870% 10 .
water 0136 10 @og9 10 -5.052 10 0389 10 )
A
$1i. post Elowering Plants (Apcil to June)
woF Nor - ane JOF - ADL AL i
B 13 n 3 n 3 n 1 n
T Witrogen 675 10 0.4 10 81T 16 g7 18 :
H Shospnorus 4”0 9 cems 9 -B@0 9 -o.05 B
. Potassian 3563 9 -Boe 8 -0.263 9 -oaMr 9
. calcium ~g.gopt 9 -3 9 e 9 R TIN]
Magnastim 7920 ¢ ~2.09 9 B2 8 .74 9 H
i sodiva STl by 8 eSS 9 -8s5 9 &
i Water BRI -8.276 10 LR ~0.518 1@
% .
| iv. Dried Hlanks (uly o Septanber)
. NDF NDF - AF ADF - AL ADL \
K 3 n 3 n [ n c n i
L uitrogen 9.846 6 8166 6 L N 1
4 Phosprorus -0.157 8 8.246 8 -g.100 a -0.263 8 :
g Porasstum nse2 8 652 8 245l 8 -nl 8 |
! calcium -6.321 B ~9.956 8 8.371 B ~B.581 ) !
! Hagneniun an 8 5366 8 0626 & -ps% 8 ?
sodiun a6 8 o085 8 -mdiE 8 0027 B i
Water -0.083 18 813 18 -0ed 0 -a.27 1 ‘1
i

{ significance Levels : * P < 0.85; ¥* B < B.41; #** P < B.O0Y )
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2DL. Again The NDF — ADF and ADF - ADL contents of forbs were not
significantly correlated to the mineral contents hut the

relationship vended to be negative.

The ratio of NDF to crude protein was very low in J. flava
ranging from 1-2. §, panduraeforme was also relatively rich in
protein and low in fibre. In contrast Q, herbacea contained five
times as much fibre as protein before flowering and as for other

forbs Fibre accumulated as the season progressed.

The fibre to protein ratio of §, cordifolia plants was higher
for imvature plants than in the reproductive phases. This was

because the new leaves sprouted on a thick fibrous perennial stem.
4. Plant Secondary Compounds

a, Woody Plants

i, Enzyme-inhibiting Polyphenols

The enzyme-inhibiting polyphencl content of woody plant leaves was
generally highest in the mature tissues (Fig 5.24). Immature
leaves showed slightly lower polyphenol levels than mature leaves
for all species except the three evergreen species and V,
cehmannii. A lowering of polyphenol levels in senescent leaves was

evident for all species except T.sericea,
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Table 5.32. Concentrations of Total Polyphenols (% Dry Weight) in
Composite Samples of Leaves of Woody Plant Species. Assayed by the

Jerumanis Method.

Species New Young Mature 0ld  pead

leaves leaves leaves leaves leaves

Acacia nilotica - 13.4 28.1 38.6 -
Acacia tortilis - 7.5 8.5 8.7 6.6
Burkea africana - 7.8 10.4 11.8 9.2
Combretun molle - 18.9 17.6 18.4 14.9
Dichrostachys cinerea - 8.5 15.8 13.5 -
pombeya rotundifolia - 4.8 6.5 4.2 ‘-
Euclea natalensis 9.4 7.4 1.7 8.9 8.7
Grewia f£lavescens - 2.5 4.1 4.7 3.4
ochna pulchra 7.1 2.4 6.4 18.9 7.6
Peltophorum africanum - 19.9 15.6 19.1 17.8
Rhus leptodictya - 3.5 1.0 6.3 11.6
Strychnos pungens - 7.6 1.6 3.8 1.3
Terminalia sericea - 16.3 19.3 22.4 25.5
Vitex rehmannii - 6.4 3.6 6.8 4.7




Concentrations of enzyme-inhibiting polyphenols in the leaves
of woody plants ranged from less than 1% to 304 dry weight (Table
5.32.). A. nilotica was particularly rich in polyphenols which
constituted about 30% of the dry weight of mature leaves. T,
sericea contained 15-25% polyphenols and C, molle and P. afcicanum
15~20%, The majority of other plants contained around 10%

polyphenols, G, flavescens, V., rehmannii and D. rotundifolia

contained the least polyphenols and concentrations in immature G.
flavescens leaves were negligible. The levels of polyphenols in E.
natalensis varied greatly between samples. This may be due to
chemical polymorphism within the population or to some
interference with the analysis as all samples were composite
samples taken from several plants, No confidence limits are
available on these data but all samples are composite samples of

about. 16 individuals of each species.
11, Condensed tannins

The tannin  (pr n} content of mature woody

plant leaves ranged from @% to 12.5% dry weight relative to a
Sorghum III tannin standard (Table 5.33.), Condensed tannins were
absent from A, pilotica, §, pungens and V. rehmannii foliage. O,
pulchra and T. sericea contained over 19% condensed tamnins and D.
rotundifolia, B, natalensis and B. africana contained more than 5%

condensed tannias,

- em
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& Table 5.33. Concentrations of Condensed Tannins (% Dry Weight) in
™~ the Mature of Leaves of Woody Plant Species. Assayed by the

Bate-smith Proanthocyanidin Method.

Species Mature leaves
Mean SE n
Acacia nilotica 6.0 + 0.¢ 8 !
Acacla tortilis 3.8 + 8.2 8
. o Burkea africana 5.8 + 8.9 € ;
Combretum molle 1.8 ¢ 8.1 8 I
. Dichrostachys cinerea 3.5 & 8.2 8 ;
Donbeya rotundifolia 8.8 + 0.8 10 . |
Euclea natalensis 8.3 & 8.7 10 .
{ Grewla flavescens 3.8 + 0.3 8 ,
ochna pulchra 116 + 8.5 11 i
Peltophorum africanum 2.8 + 0.2 8
Rhus leptodictya 15 + 21 1
. Strychnos pungens 0.9 + 8.0 7
Terminalia sericea 123 + 8.8 10
vitex rehmannii 8.8 + 0.9 9

(n = Number of replicates of the same sample)

i
i
\
‘




iii, Alkaloids

Alkaloids were relatively scarce in woody plant leaves (Table

5.34,). 8. pungens and V, rehmannii were the anly woody plants

giving a consistant reaction with Mayers reagent indicating the
presence of alkaloids.The immature leaves of D. rotundifolia

and T, gericea and mature green leaves of D, cinerea, O. pulchra

and P. africanun also showed weak, positive responses to Mayers

and DragendorfES reagents,
iv, Cyanogenic Glycosides

Cyancgenic glycosides were absent Efrom the woody plant foliage

tested,
v. Saponins

Mewly emerged woody plant leaves contained little saponin (Table
5.35.). TLC on extract of mature leaves indicated that several
plants contained saponins, but this technique also identifies sowe
terpenes, TLC tests were confirmed by the foam test specific to
saponins. Alcoholic extracts of B. africana, T. sericea and P,

africanum foamed vigorously when shaken with water. 0. pulchra and

€, molle produced less foam and E. natalensis, D, rotundifolia, D,

cinerea and A. tortilis only pr . - in film of Foam. No
saponing were detected in G, fio. - S. pungens leaves at

any time,



Table 5.34. The Presence of Alkaloids in the Leaves of Woody
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Plants, Detected by the Formation of a Precipltate with Meyers

Species

Acacia nilotica
Acacia tortilis
Burkea africana
Combretum molle
bichrostachys cinerea
pombeya rotundifolia
Euclea npatalensis
Grewia flavescens
Ochna pulchra
peltophorum africanum
Rhus leptodictya
Strychnos pungens
Terminalia sericea

Vitex rehmannii

Meyers reagent

Reagent

New

leaves leaves leaves leaves leaves

fass s

+)

Young Mature od

[ [] [
] [ [}
) 4 a
[4 @ )
[ + +
[ @ @
[] +) [}
4 a +}
@ + 4
* + +)
13 a a
o) ++ +
+ +) a
4 - L

‘trong precipitation
precipitation
slight precipitation
clouding

no reaction

Dead

® & 8 ® 8 ®©

s 1t o o=

4

il .
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Table 5,35. The Presence of Saponins in the Leaves of Woody

Plants. Assayed by Thin Layer Chromatography and the Foam Test.

Species New Young Mature 0ld
leaves lvs leaves lvs
TLC Foam TLC TILC Foam TIC
Acacia nilotica ] @ - + + @
Acacia tortilis ] ] + + a +
Burkea africana 2 2 8 L
Combretum molle [ 2 [ + =+
DPichrostachys cinerea [’} [} + + + +
Dombeya rotundifolia ] ] + + + +
Buclea natalensis ] @ [ + [} +
Grewla flavescens [4 [4 e @ [4 4
Ochna pulchra + ] + + Ead +
Peltophorum africanum + 2 + + Raad +
Rhus leptodictya [ [] + + ey [}
Strychnos punc » + 2 2 2 a a
Terninalia sericea [ [ [ + A+
vitex rehmannii ] @ [} + + -
TiC + = present
. L] = absent

Foaming +4 = 1 to 2 cm of pwer_litant foam

f

= 8.5 to 1 om of persistant foam
+ = slight but persistant foaming

¢ = no foaming

Dead

lvs
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Table 5.36. Concentrations of Ether—extractable Materials (% Dry

Wweight) in Composite Samples of Leaves of Woody Plant Species.

Species New Young Mature Old Dried Fallen

leaves leaves leavev leaves leaves leaves

Acacia nilotica 2.7 2.7 2.7 3.7 2.6 3.5
Acacia tertilis 3.2 - .6 2.7 27 3.5 4
Burkea africana 2.6 1.8 1.3 - 1.5 1.3 !
Combretum molle 1.9 1.9 3.4 5.6 2.6 2.6

Dichrostachys cinerea 3.5 2.4 1.5 2.6 3.1 2.0

Dombeya rotundifolia 1.8 .4 1.3 2.4 - 1.3
Buclea natalensis 1.9 2.6 3.4 5.3 7.8 3.9
Grewia flavescens 1,3 2.2 1.3 3.4 3.6 8.7 ;
Ochna pulchra 8.7 8.9 1.0 2.6 1.3 2.8

Peltophorum africanum 1.0 3.8 1.8 1.8 1.2 1.8

Rhus leptodictya 2.6 1.3 3.7 8.8 2.3 2.8 i,

Strychnos pungens - - 3.0 23 48 5.2 ;

Terminalia sericea 1.8 8.4 1.7 2.0 2.5 2.6

Vitex cehmannii 9.9 2.7 35 46 34 52 ;
o
f
)
i
i
|
|
i
|
!

Al > -~ - PP



vi, Monoterpenes and Sesquiterpene Lactones

These "essential oils" were present in the leaves of all waody
plants tested, and in all seasons, The most aromatic speciss were

v. rehmannii and

leptodictya. Monoterpenes  are

characteristically pungent or aromatic.

vii, Ether-extractable Compounds

The woody plant leaves :ested generally contained between 1%
and 6% ether—extractable materials (Table 5.36.). The highly
aromatic, sticky, new foliage of V., rehmennii was the exception
with 10% ether—extract. This species, C. molle, and the evergreens
E. natalensis and §. pungens were richest in ether-extract. The

tended to inccease as

ncentration of eth tractable
the leaves aged, this being particularly noticeable for E.
natalensis, G. flavescens and the armed species (Fig 5.25,). B,

africana, D, rotundifelia, 0O, pulchra and T. sericea contained

least ether-extract containing less than 2% at all times and

showed no seasonal increase in concentration,

b} Forbs

i. Enzyme-inhibiting Polyphenols

The concentrations of polyphenols in forbs were very low (Table

5.36.). The .ighest levels were found in mature W. indica plants

~ - it
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Table 5.37. concentrations of Total Polyphencls (% dry Weight) in

Composite Samples of wWhole Forbs, Assayed by the Jerumanis Method.

Species

Evolvulus alsinoides
Hermannia grisea
Indigofera macra
Justicia flava
Oldenlandia herbacea
Pollichia campestris
Sida cordifolia
Solanum panduraeforme
Tephrosia forbesii

Waltheria indica

Pre- Flowering Post- Dried
Flowering Plants Flowering Plants

oOct - Dec Jan - Mar Apr — Jun Jul - Sept

- 1.7 1.6 2.2
1.8 1.1 2.4 8.2
8.9 2.6 1.1 143
1.1 1.9 2.9 -

2.1 2.1 1.1 1.2
1.7 2.3 1.5 2.9
1.5 1.1 8.5 6.5
8.0 2.6 8.7 2.6
2.8 2.4 @.8 -

2.5 7.5 7.2 @.1

- ~ st

ST
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which contained up to 7.5% polyphenol. All the other forbs
contained from & - 2.5% polyphenol, considerably less than in any
of the woody plant species, T. Cforbesii and S. panduraeforme
contained less than 1% polyphencl at all times. The dried foliage
of many forbs, including W. indica, contained virtually no

polyphenols {Fig 5.26.)

ii. Alkaloids

Alkaloids were present in all hut one species of forb tested
{Table 5.38.), J. flava was rich in alkaloids and §. panduraefacme
and T, forbesii also gave strong reacticns with Mayeds and

Dragendorff’s reagents. Most forbs formed a »..e precipitate

with Mayers reagent but Ffor I. macra the - as weak. No

alkaloids were detected in W. indica.

£1i, Cyanogenic glycosides

cy ic glycosides were only in small quantities in

flowering and pre-flowering plants of J. flava.

iv. saponins

Saponins were most common in mature forb plants. They were

detected in the pre-flowering foliage of H. grisea, §. cordifolia

and S. panduraeforme. (Table 5.39.). The mature plants of all forb
species contained saponins, as detected by TIC bub the post

fluwering plants of J. flava, P. campestris and §. pandurasforme




$-57a

Table 5.38. The Presence of Alkaloids in Whole Forbs. Detected

by the Formation of a Precipitate with Meyers Reagent

Species

Bvolvulus alsinoides
Hermannia grisea
Indigofera macca
Justicia flava
Qldenlandia herbacea
Pollichia campestris
Sida cordifolia
Solanum panduraeforme
Tephrosia forbesii

wWaltheria indica

Meyers reagent

Pre~

Flowering

Oct - Dec

kad

-

t

+)

Flowering Ppost- Dried
Plants Flowering Plants

Jan - Mar Apr ~ Jun Jul - Sept

++ ++ -
+ e +
+ - +
Ll L Ees
- - -

+ + At
+ + +
Eed + +H
e + HH
8 ] 9

= strong precipitation
= precipitation

= slight precipitation
= clouding

= no reaction

D e T

lllsckic, ...
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Table 5,39, Tae Presence of Saponins in Whole Forbs, Detected

by Thin Layer Chromatography

Pre— Flowering Post- bried
' Flowering Plants Flowering plants
1 Species Oct - Dec Jan ~ Mar Apr ~ Jun Jul - Sept
j Evolvulus alsinoides [ + 4 -
{ Hermannia grisea + + + +
- indigofera macra - + + -
L Justicia £lava a + 8 +
Oldenlandia herbacea - + + +
Y pollichia campestris [ + [ 4
' gida cordifolia +* + +
| Solanum panduraeforme + + @
‘ . Tephrosia forbesii @ + + +
Waltheria indica [ + + +
| TLC + = present
. . ¢ = absent
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contained no saponins. 5. cordifolia was only free of saponins in

the late dry season.

v. Mono~ and Sesguiterpene Lactones

These lower terpenoids were detected in all the forbs at all
growth stages. T. forbesii gave a particulacly strong reaction

with the test reagents but was not aromatic,

vi. Ether-extractable Compounds

Forbs contained between 1% and 5% ether-extractable materials. T.
forbesii, H. grisea and the older foliage of S. panduracforme were
richest in ether-extract while least was Found in E. alsinoides,
J. flava and 8. cordifolia (Table S5.40.). Concentrations of
ether-extractable compounds showed little seasonal change appart
from being very slightly higher in the post-flowering phases of

the perennial species (Fig 5.27.}.

B . i

B




Ether-extractable materials (% dry weight}

Favoured Intenwediate Dry Season Reserve won-preferred

o= T, forbesii A= T, macra A= H. grisea &= 0. herbacea
O = P. campestris O = E, alsinoides O = W, indica O = 5, panduraeforme
V=3, flava v= 5. cordifolia
{ ! L
I 1
| | |
[} [} 1
+ + +
I 1 {
| | ;
1 ! ]
1 i i
i
I I
1 - { {
i a——"" | !
+ + +
! I ! —a
1 I 1
) 1 1
G0 + +
| i
i { H
| : 1
1 I L
1 i i
1 2 3 ) 1 2 3 4 \ 2 3 4 b 2 3 i
Plant Phenology
{1 = pre-flowering; 2 = Flowering; 3 = éost—flmring; 4 = Dried Plants)
Fig 5,27. Changes in the ion of Ether- materials in whole forbs throughout the

year. Plants grouped according to theic to 1ate

Bgs-G
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Table 5.49. Concentrations of Ether-extractable Materials (% Dry

Weight} in Composite samples of Whole Forbs.

Pre— Flowering Post- Dried

Flowering Plants Flowering Plants

Species Oct - Dec Jan - Mar Apr ~ Jun Jul - Bept
Bvolvulus alsinoides - 1.0 1.2 1.1
Hermannia grisea 3.2 2.6 3.7 2.4
Indigofera macra - 2.2 - 2.4
Justicia flava 1.4 2.9 1.6 9.8
Oldenlandia herbagea - 1.8 1.8 -
Pollichia campestris 1.1 1.2 l.8 1.6
§ida cordifolia 2.7 6.8 2.1 1.2
Solanum panduraeforme - 2.4 2.6 4.8
Tephrosia forbesii - 5.0 2.5 2.5

Waltheria indica 1.8 1.5 2.3 3.1
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Table 5.48. Concentrations of Ether-extractable Materials (% Dry

R Weight) in Composite Samples of Whole Forbs.

Pre-~ Flowering Ppost~ Dried

Flowering Plants Flowering Plants

Species Oct - Dec Jan ~ Mar Apr - Jun Jul — Sept
Evolvulus alsinoides - l.g 1.1 1.1
Hermannia grisea 3.2 2.6 3.7 2.4
indigofera macra - 2.2 - 2.4
Justicia flava 1.4 2.9 1.6 ¥.8
Oldenlandia herbacea - 1.8 1.8 -
Pollichia campestris 1.1 1.2 1.8 1.6
Sida cordifolia 2.7 6.8 2.1 1.2
Solanum pandura¢ forme - 2.4 2.6 4.8
Tephrosia forbesii - 5.8 2.5 2.5
Waltheria indica 1.8 1.5 2.3 3.1
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5.4, DISCUSSION

1. Nutrients and Pibre

a. Nutcient Concentrations Recorded in Selected Browse Species

i, Species Occurring at Nylsviey

The nutrient Zontents of several of the wore common brawse plants
in Africa have been analysed prior to this study, Comparison
between studies is hindered by a lack of standardisation of
techniques of analysis and failure to report exactly which plant
parts have been analysed and what their phenological state was at

that time,

However, the crude protein values of common browse plants at
Nylsvley was genecrally similar to the values reported by Rushworth
(1975}, Bate (1979), Le Houerou {198¢) and Novellie (1983,, but
somewhat higher than those obtained by Dougall et. al. (1964)

Bonsma (1976) and Jachman & Bell {unpublished),
Phosphorus contents were similar to those of Le Houerou (1980)
and Novellie {1983}, but higher than those of Dougall et. al.

(1964) and Rushworth (1975).

Values for the and of woody

plants were similar in all the studies. The woody vegetion at

Nylsvley appears to be lower in calcium and sodium than is
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reported for the same species g:owing in different areas. Only the
values of calcium reported by Jachman & Bell (unpublished) were
lower than those at Nylsvley.

fi, Genera Qocurring at Nylsvley

The pAcacia, Ziziphus and several Grewia species were particularly

rieh in protein and minerals. The Terminalia species were rich in

calciun alone. Generally Terminalia and Diogpyros species and

evergreen genera BEuclea and Ximenia were low in protein. Lannea,

Combretum, Rhus and Vitex species were of intermediate nutrient
levels, although the Lanneas were low in caleium (Dougall et. al.

196d) .

Protein rich forbs species were of the genera, Achytanthes,

Gomphrena, Ipomea, Hibiscus and Solanum species of Becium and
Hermannia were low in protein and minerals. Mineral rich genera

included Justicia, Gomphrena, Leucas,  Hibiscus, Solanum,

indigofera and Tribulus. The latter two genera being especially
rich in calcium. Tephrosia species were of low mineral content,
Fortulacs and Hermannia species were low in phosphorus and Labiate
species and Asparagus were low in calcium (Dougall et. al. 1964).

. Nutrients Contents in Ecosystems

i, Savannas

The nutcient content of browse plants varies considerably betwaen

i
!
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plant species but on average the protein content of the vegetation
at Nylsvley was similar to that found in other Southern African
Savannas {Bonsma 1943, 1976, Groenewald et. al. 1967, Aucamp 1971,
Roth & Osterberg 1971, Rees 1974, Rushworth 1975, Barnes 1976).
The protein content of South African karroid shrubs is on average
about 2-3% less than that of the savanna vegetation. East African
savannas on soils of volcanic origin (Bell 1971) are more protein
rich than Southern African savannas, particularly in the dry
season when the crude protein level of many plants in Rast Africa
remaing above 15% (Dougall et. al. 1964, Field & Ross 1976, Le
Houerou 198@). The crude protein concentration of browse plants in
southern savannas is generally between 15% and 103 although newly
emergent vegetation can contain as much as 3@% protein for a brief

period.

The phosphorus content of the vegetation at Nylsvley was in
the region of #.1 - @.2%, This is less than that found in East
Africa ({Field & Ross 1976, Dougzll et. al. 1964), but similar to
the vegetation of Southern and West African savannas (Bonsma

1976, Le Houerou 1988).

Karoo shrubs (louw et. al. 1973) and plants growing in
Kalahari sand deposits in Zimbabwe (Rustwocth 1975) contain
approximately half the phosphorus content of other Southern

African savanna plants.

The browse plants of Nylsvley were relatively poor in other

minerals with calclim and potassium each constituting about 1% of

i
|




the dry weight of the leaves, magi.sium formed @.25% of the leaf
weight and sodium was present only in trace amounts. The Kalahari
sands vegetation contained similar concentrations of these
minerals to Nylsvley but all other savanna types contained almost
double the concentrations of these minerals (Dougall et. al. 1964,

Louw et, al, 1973, Bonsma 1376, Le Houerou 1980).
ii, Porests

The vegetation of the rainforest of Kibale in Uganda (Gartlan
et.al, 1982, McKey et, al. 1978, Waterman et, al. 1988} was richer
in crude protein than savanna vegetation. The soils of Kibale are
fairly fertile sandy loams. Persistent plants of the Panama
cainforest howsver showed similar nutrient levels to savanna

vegetation (Coley 1983), or slightly less (Milton 1979).

The forests of Douala-Bdea in the Cameroons (Gartlan et. al.
1980, McKey et, al. 1978, Waterman et. al. 1980), tropitval I.ndian
forest (Oates et. al. 1980) and Costa Rican forests (Glander 1961)
are of rather lower protein and higher fibre content than the
vegetation of Nylsvley and other savannas. Douala Edea forest is
an evergreen tropical forest growing on highly acidic, hence
nutrient poor soils derived from sandy marine sediments, In
addition the rainfall is heavily seasopal (Gartlan et. al, 1984).
The Indian forest is also a tropical evergreen forest growing
under a heavily seasonal rainfall regime, The soils are stony
{Oates et, al, 1988). The third, and most nutrient poor forest was

the Costa Rican tropical dry forest (Glander 1981).
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In all cases the nutrient content of the vegetation appeared to

micror the fertility of the soils.

iii. Montane Vegetation

The forest vegetation of Virunga of Rwanda was rich in

vrotein and nutrients and low in fibre (Waterman et. al. 1983)
coigpared to South African savanna vegetation and to lewland forest
vegetation of the same area (Waterman et. al. 1983). Most of the

vegetation of the montane habitat consisted of non-woody plants.

iv, Temporate and Boreal Habitats

The wegetation of the USA (Radwan & Crouch 1971, Belovsky 1981,
Vangilder et. al. 1982), and coniferous forests in Norway
(Hjeljord et. al. 1982), was generally poor in crude protein and
more fibfous than savanna vegetation. Mineral contents were

however fairly high,

Tundra vegetation has an average crude protein concentration
in mature leaves similar to that of savannas but is low in
minerals (Chapin et. al. 1975, Batzli 1983). These plants require
relatively high enzymatic levels in their tissues in order to
function under very low temperatute regimes (Chapin et. al. 198@b)
80 vcontain high nitrogen levels despite conditions of poor soil

nuteient avilability.

g - st

|
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b. Nutrient Contents of Grass, Forbs and Woody Plants

The range of nutrient contents in woody plants and forbs were very
similar, The crude protein content of browse is generally
consgiderably higher than that of grasses at all times except the
early growing season, Grass supplies a surfeit of energy but is

usually limiting in protein,

The protein level of tropical grasses frequently falls below
5% which is considered as the critical maintenance requirement of
cattle (ARC 1965). Browse on the other hand rarely contains less
than 8% crude protein in the late dry season and is often above
1% (Bonsma 1942, Dougall et. al. 1964, Groenwald 1967, Roth &
Gsterberg 1971, Rushworth 1975, Field & Ross 1976, Owen~Smith

1982). The vegetation of Nylsvley was no exception.

Grasses are genarally lower in calcium than browse but
slightly richer in phosphorus. Most plants contain adequate levels
of potassiun but very little sodium. The potassium content of
forbs was generally slightly higher than that of woody plants,
Leguminous Species are frequently high in crude protein and low in
fibre as compared to non-leguminous species (Dougall et. al.

1964} .

c. Distribution of Nutrients between plant Species

The nutrient concentration in browse plants varies greatly between

species, The three deciduous therny tree species analysed were

.
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naticeably cich in nutrients, All were of the leguminous subfamily
Mimosoideae. Nitrogen fixation by rcot nodule bacteria is common
in this subfamily (Geobelaar & Clark 1975), and leguminous plants
are frequently high in protein (Dougall et. al. 1964). However the
non-leguminous thorny tree 2, mucronata and the spiny forb 8,
_panduraeforme were also comparatively rich in protein. Othec
nutrient rich species were the unarmed woody species G. flavescens

and D, rotundifolia and the forb J. flava,

Bvergreen plants are frequently very £ibrous and
consequentially low inm nutrients. The evergreen shrub E.

natalen: was indeed of low nutrient content. The other evergreen

jes tested bore sharp terminal leaf spines and was richer in

nutrients than E, patalensis,

The three ecological dominants of Burkea savanma, 5, africana,
T, secices and 0. pulchra were all of low nutrlent status and

withdrew nutrients from the leaves before leaf fall. B. africana

is a leguminous species but does not harbour nitrogen-fixing
bacteria {(Geobelaar & Clack 1975), neither did the other common

member of the Leguminous subfamily Caesalpinioideae P. africanum.
d. Seasonal Changes In Nutrient Concentrations in Browse Plants
Protein cich plants tend te Dbe rich in other nutrients and
conversely low In filbre. The concentrations of nitrogen,

phosphorus  and potassium were greicest in newly emergent Foliage,
declining shacply as the leaves achieved full size and began to

o - i A,

I

|
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harden. Thereafter a gradual build-up of cell wall components
slowly diminished the relative amount of cell sap and presumably
aof soluble nutrients in the tissues, Crude protein contents of up
to 25% dry weight were recorded for new leaves of Acacia trees and
some forbs. Bellew (1982) found that the protein content of newly
flushed Acacis shoots may reach 3¢% while the thorns are still

soft.

Magnesium and scdium snowed 1little seasonal change in
concentration, but the results for sodium are suspect due to
contamination caused by handling. In woedy plants, but not forbs,
calcium gradually accumulated. Much of the caleium in plant
tissues is associated with the cell walls (Salisbury and Ross

1969) .

Multivariate analysis of a wide range of plants by Garten
{1978) distinguished three main sets of plant minerals. The first
set, phosphorus, nitrogen, calcium, sulphur and iron were involved
in the synthesis and maintenance of protein, amino-acids and
nucleic  acids. Magnesium, calcium and manganese formed a

steuctural  and ic group. is central to

chlorophyll and helps maintain ribosome structure, while calcium
is found in plant cell walls. Magnesium and manganese were also
correlated to potassium. These three minerals are important enzyme

activators (Salisbury & Rass 1969).

Concentration of nitrogen and phosphorus were positively

correlated in woody plants at Nylsvley but not in forbs where

D - i

J
i
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phosphorus  seemed to be relatively independent of other minerals.
Magnesium was most strongly correlated to caleium and potassium
indicating that these winerals may fall within the structural and
enzymatic sets of nutrients distinguished by Garten (1978). These
relationships were most evident in the immature foliage of woody

plants but the correlation broke down as the Foliage matured.

e. Soil Wutrient Status and Nutrient C(oncentrations in the

Vegetation

Plants obtain their nutrients from the soil. Hence the
availability of soil nutrients is often reflected in the
vegetation. Plants growing on impoverished soils tend to be of
lower nutrient status than those growing on richer soils
(Grimsdell & Bell 1974, Gartlan et. al. 1988).

The soils of the Acacia patches at Nylsvley are enriched with

phosphorus compared to the surrounding soils supporting Burkea

savanna (Harmse 1977). ‘The woody plant species growing in these
enciched sites were generally of higher nutrient content than the
dominant species of the Burkea savanna. Ythis pattern was also
reflected in the forb component, However within the Burkea savanna
a few species were of equally high nutrient status to those of the
Acacia savanna, Microsite differences may explain the occurrence
of nutrient rich species in the Burkea savanna, For example G,

£lavescens occurs on old ant hills which are probably of enhanced

nutrient status.
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2. Plant Secondary Compounds

a, Plant dary C in and Other Ecosystems.

virtually no quantitative informatiom is available on the
secondary compounds present in savanna plants other than those
substances of medical significance or injureous to livestock. A
preliminary soreening of some of the common woeody plants at
Nylsvliey by Glennie (unpublished) merely confirms the findings of

this study.

i, Toxins

Although cyanogenic activity is frequently repor »d for B,

tortilis {(Watt & Breyer-Brandwijk 1962} no trace of cyanogenic

glycosides was detected in this species at Nylsviey. Polymorphism
is commom in cyanogenic plants and has been proven in Acacia
farenesiana (Selgler et. al. 1979, Janzen et. al. 1988), so

probably occurs in other Acacia species. No cyanogenic activity

has been reported for the other Acacla species occurcing at

Nylsvley and none was found in this study.

ii. Bther~extractable Compounds

Bther-extractable compounds generally constitute less than 5% of

the dry mass of savanna plants and at the most 10% (Dougal et. al.

1964, touw et, al, 1973, Rushworth 1975, Field & Ross 1976.)
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Resins are far wore abundant in cold-climate vegetation. In Alaska
ether-extractable resins may account for 43% of the dry mass of

averwintering twigs (Bryant 1981a).

iii. Phenolic compounds

The concentrations of total polyphenols and condensed tannins
measured in A. tortilis at Nylsviey were similar to those found by
Wrangham & Waterman {1981) for the same species in Amboseli,
Kenya. Other than this study most of the work on polyphenol

contents of natucal vegetation refers to tropical Forests.

i.) Total Polyphenols

The total polyphenol content of leaves of Woody plants at Nylsvley
canged from £ to 3P% dry weight when measured by the Jerumanis
method, or 2 to 17% with the commonly used Folin-Denis method, The
range of total polyphenol contents in plants of many ecosystems
was similar to that at Nylsvley. This includes tropical forests
{Mckey et. al. 1978, Milton 1979, Gartlan et. al. 198¢, Oates et.
al. 1980, Waterman et. al, 198¢a), African montane vegetation

(Waterman et. al. 1983) and strandveld (Puttick & Glyphis 198@).

plants containing higher ons of total polyphenols

oceurred in the putrient poor forests (Gartlan et. al. 1988, Coley
1983) and in Alaskan vegetation (Prudhomme 1983). Phenolic
compaunds are particularly prevalent in the genus Eucalyptus, the

leaves of which may contain in excess of 42% polyphenols (Macauley
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& Fox 1980). Eucalyptus species grow undec conditions of low soil
nutrient availebility and are also rich in terpenes and low in

nitrogen.

The lowest concentrations of polyphenols were found in African
montane vegetation which is mainly herbaceous (Waterman et. al.
1983), and in the nutrient rich forests of Uganda {McKey et. al.

1978. Gartlan et, al, 1988, Waterman et. al. 1980@i,.

1i.} Condensed Tannins

The mature leaves of woedy plants at Nylsvley contained between &
and 13% condensed tanning relative to a Sorghum III tamnin
standard. Similar ranges of condensed tannin contents were
recorded for African montane vegetation (Waterman et. al. 1983}
and the nutrient rich forests of Uganda (McKey et. al 1978,
Gartlan et. al. 198f, Waterman et. al. 198@a), but the averaged
condensed tannin  contents of the vegetation in these two
ecasystems was less than for the Nylsvley plants. This indicates a

greater occurrence of high tannin plants in the savanna.

In several plant species of the nutrient poor forests, and
some Bucalyptus species, condensed tanning constituted a quarter
of the dry weight of the leaves (McKey et, al 1978, Gartlan et,
al, 1986, Oates et, al. 1986, Waterman et, al. 1988a, Macauley &
Fox 1986, Coley 1983). The average contents of condensed tannin in
these forests was much higher than that measured in savanna

vegetation, As a note of caution it must be remembered that

|
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condensed tannins In the savannas were measured relative to a
different standard to that used in the forest studies, Quebracho

tannin being unavailable in South Africa.

b, Distribution of Plant Secondary Compounds in Grasses, Forbs and

Woody Plants

Plant secondary compounds are characteristic of browse plants but
are uncommon In  yrasses. At Nylsvley polyphenols were
characteristic of the woody vegetation, while alkalolds were
prevalent In the forb species. This is characteristic of most
vegetation (Feeny 1976, Rhoades and Cates 1976). Substances with
both digestion-ceducing and toxic properties, such as saponins and

terpenes were found in both woody plants and forbs.

@, Differences in the Commitment of Plant Species to Defensive
Compounds

If chemical defence is costly to the plant in temms of resource
allocation, it 1is to be expected that plants with structural or
other defences will be low in chemical defences, Rehr et. al,

{1972) showed that the foliage of South American Acacias, which

are defended by mutualistic colonies of ants, have little or no
eyanogenic activity, while the leaves of non-ant Acacias are

bittes and cyanogenic,

The leaves of the deciduous thorny species at Nylsviey were
however rlch in polyphenols despite having sharp thorns, The one
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thorny evergreen plant contained little polyphenol but did contain
alkalolds, Thorns are dead structures and once formed have littie
or no maintenance cost. They are effective against large
hecbivores but the plant must still be defended against insect

herbivores and pathogens.

Evergreen plants are highly apparent to herbivores and hence
require strong defences. In addition, evergreen plants tend to
lack major storage reserves in the stems and roots for regrowth
after defolfation (Bryant et. al. 1983). Such plants tend to be
defended by digestion-reducing compounds, as was the case for the
evergreen E. natalensis which was rich in condensed tannins. The
other evergreen, S. pungens, however contained little polyphencls
and no condensed tannins, In contrast to that predicted by the

theory of apparency this plant was defendad by alkaloids,

d. geasonal Change in the Defensive Commitment of Plant Species

A plant's commitment to defence is related to the value of that
tissue to the plant in terms of fitness lost should it be subject
to herbivory (Feeny 1976, Rhoades and Cates 1976). Qualitative
defences are usually highest in youny tissues of apparent plants
ot in the case of forbs just prior to seed set (Jones 1956, McKey

1974).

The tests for alkaloids and cy glycosides used in this

study were too simple to detect chamges In tissue concentrations

of these toxins, but two woody plant species showed the presence

B s




of alkaloids in their immature leaves alone, Similarly cyanogenic
activity was detected only in the period before seed-set in J.

£lava,

Enzyme~inhibiting polyphenols, ether-extractable compounds and
saponins increased in concentration as the vegetation matured,
then decreased during senescence and presumably were degraded and
re-utilised by the plants once the leaves bewame old and the
fitness loss to herbivory decreased (McKey 1979, Zucker 1983,
Drozdz 1962).

It has been suggested that immature leaves of woody plants do
not contain carbon-based defences due to the problem of
sequestering these substances away from the cell machinery (Orians
and Janzen 1974, Feeny 1976, Rhoades and Cates 1976, McKey 1979).
But evidence is accumulating that the young leaves of some plants
risy contain exceedingly high levels of phenolics (Rhoades and
Cates 1976, Gartlan et. al, 1988, Coley 1983). This is in direct

contrast ta the prediction of the theory of apparency,

&, Environnental Conditions and the Cost of Defence

A major component of the apparency model is the relative cast of
guslitative and quantitative defence. Qualitative defences were
thought to be less costly to the plant in tems of resources
diverted f£rom growth because they are active in small quantities.
However, qualitative defences such as alkaloids have a rapid

turnover rate within the plant. These substances often contain

- -r sive W




nitrogen. The carbon-based quantitative defences in contrast have
a slow rate of turnover. Hence over a period of time there way be
little difference in the cost of the two different types of
defence (Swain 1978, Fox 1981). In fact carbon-based defences may
be cheaper than nitrogenous defences to plants growing under
conditions of poor nutrient availability but with adequate light

for photosynthesis.

An alternative to the apparency model is the theary that
habitat quality may be = major selective force in determining the
defensive strategy of the plants (Coley 1983, Bryant et. al.

1983).

1In environments where rapid growth 1s possible plants are able
to replace lost leaves at less cost thau plants which live in low
resource environments and have a slow growth rate and a low
capacity for compensatory growth, The advantage of defence should
increase as the potential maximum growth rate declines, Hence when
the growth potential is high poorly defended species should be
favoured, but when the potential for growth is low, relative to

hecbivory, the plants require strong constitutive defences.

Coley (1983) found that fast growing pioneer forest plants had
a lower commitment to f£ibre and phenolic constituents than
persistent species growing in the understorey where competition
for nutrients is more severe. Similarly in a study of iwo African
rain forests, one growing on acidic white sand soils and the other

on fertile lateritic soils, Gartlan et, al. (1988} found the

* - i
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phenolic content of the vegetation growing under nutrient poor
corditions to be double that of the vegetation growing on fertile
soils. Alkaloidal species were wmore common in the nutrient cich

forest,

Boreal vegetation grows under very different climatic
conditions to tropical forest veyetation, yet again plants adapted
to low resource enviconments have evolved strong cacbon-based
defences, this time phenclic resins rather than tannins, while the
mote rapid growing plants of higher quality environments are only
heavily defended against browsers when in the juvenile phase and

rapidly grow out of reach of browsers (Beyant et. al. 1983).

The savanna plants at Nylsv 1y grow on sandy soils of fairly
low nutrient status, hence it is expected that the commitment to
carbon-based defences will be high. In both the Burkea and Acacia
savannas high levels of phenolic defences were found, particularly
in the dominant plant species. The higher nutrient status of the
soil in the Acacia patches was not reflected in a lower commitment

of the plants to phenolic compounds.

The distribution of defensive compounds 1in the savanna
vegetation at Nylsvley can be explained by either the apparency
model (Feeny 1976, Rhoades and Cates 1976) or by habitat quality

(Coley 1983, Bryant et. al., 1983), Both models have their

and di The apparency model was initially
based on erroneous caleulations of the relative cost of

qualitative and quantitative defences, yet the habltat quality




poor.

5.5.
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model fails to explain why forts should have predominantly

nitrogen-based qualitative defences even when growing in nutrient

habitats where the woody plants are heavily committed to

carbon-based defences.

SUMMARY OF RESULTS

the savanna vegetution at Nylsvley was of similar nitrogen
and phosphorus content as other Southern African savannas,
but was low 1n other minerals. values for specific plant
species reflect the same pattern of nutrient concentration.
Southern African savannas are less nutrient rich than those
of equatorial Africa, particularly in the dry season.

Savanna vegetation is more nutrient rich than evergreen
tropical forests and coniferous forests where soil nutrlent
availability is low. Forests growing in nutrient rich soils
and African montane vegetation contained higher levels of

nitrogen and minerals than savannas.

There is great seasonal and inter-species variation in the
nutrient levels of browse plants. In the dcy season the crude
protein content of tropical grasses frequently falls beiow
the critical maintenance requirement of ungulates, but browse
plants usually contain around 18% protein even in the late

dry season.

- - P
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The woody plant species at Nylsvley contelned high levels of
phenolic defences. Forbs contained mainly alkaloids. The
presence of structural defences does not indicate a low
comnitment to chemical defences in the plants, virtually no
information s available on the concentrations of defensive

compounds in the vegetation of other savannas,

African montane vegetation and tropical forests growing on
fertile soils contained a smaller proportion of tannin rich
species than occurred at Nylsvley. Very high concentrations
of phenolic defences were found in the nutrient poor foliage

of tropical evergreen forests and Fucalyptus trees,

The gquantitative defences of cold-climate plants tend to be
phenolic resins rather than tannins. Resins are uncommon in
savanna and tr.pical forest vegetation, However,
conceittrations of resins show the same relationship to
habitat quality as do the tannins of plants from warmer

climes.
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CHAPTER 6.
THE EFPECT OF PLANT STRUCTURE ON SPECIES SELECTION AND UTILISATION

BY BROWSING UNGULATES

6.1. INTRODUCTION

Nutrient availabjlities to the herbivore are influenced not only
by the concentrations within plant tissues, but also by associated
factors controlling the rates of ingestion. These include
morphalogical Eeatures of the plants, such as the growth-form of
the plant, the size of the leaves and their distribution on the
less nutritious stems, and the presence of structural deterrents

such as thorns and spines.

Several studies suggest that thoens are a defence against
foliage losg to large herbivores (Brown 1968, Carlquist 1974}, but
there 1is 1little experimental evidence, However, phytophagous
insects are not likely to be a causal agent in the evolution of
large thorns and spines on plants, In Afcica where browsing
pressure by large herbivores is high, both at the present time and
historically, the Acacias and many other plants are heavily
thorned (Brown 1968). Armed plants are also common in tropical
smerica, Although there are few native browsing animals in this
area now, large browsers were abundant until fairly recently
(Brown 196¢, Janzen & Martin 1982) and thorniness is often

retained as a juvenile trait (Xowlowsky 1971). In Australia no




such radiation of large browsers seems to have taken place and few
trees are thorny. Swall browsers do occur and several of the low
growing shrubby Acacias which are within the reach of these
browsers do bear thorns, even some grasses are splky (Brown 196¢).
The lack of armature is also chacacteristic of many oceanic
islands, although some plants may be thorny in the juvenile phase
{carlguist 1974).

The distribution of spines on the plant suggests their
defensive cole against large herbivores. Many plants become less
spiny as they grow out of ceach of browsers. The lower branches

branches of Acaciag where the foliage 1s potentially within reach

of browsers are often heavily armed. Similarly th) leaves of Holly
{Ilex aquifolium) on the lower branches are exceedingly spiny

while crown leaves are smooth (Crawley 1983},

Many thorny species can facultatively increase their
thorniness when browsed (Janzen 1981). The prickles on browsed
plants of Rubus species are longer and sharper than these on
nearby unbrowsed plants (Abrahanson 1975). Around a Sudanese
settlement, Sey el DIin and Obeld (1971) noticed that Acacia
radiana, when browsed by goats, produced stunted branches covered
in stiff thorns, while Acacia genegal, which does not have this

abllity, merely died out.

There is often an Increase in the proportion of spinescent
plants in heavily grazed areas suggesting aveidance by the animals

{Papageorgiou 1979). The presence of Solamum species is often an

- T
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indicater of overgrazing in Southern African Aca

ia veld (Grunow
pers. comn,). Similarly Papegeocgiou (1979) recorded that on a
Greek island overgrazed by goats, the vegetation was charactecised
by a spiny shrub association, while the nearby goat-free islet was

characterised by unarmed palatable plants,

Many thorny plants are however @aten by large hecbivores
suggesting that they may be of high nutritional value., The effects
of plant structure on food selection by large herbivores will vary

for animals with different feeding strategies.

6.2, METHOUS

The influence of plant structure on the acceptance of common plant
species to kudus, impalas and goats was considered {n terms of:-
i. plant height,

ii. intake rate achieved,

iii. leaf size and the leaf to stem weight ratio of shoots,

iv. the presence of structural defenses.,

The average welight of single leaves and the ratico of stem
weight of shoots of a slze eaten by the animals was calculated
from composite samples of 186 leaves or 2 minlmum of 18 Shoots.
values are expressed in terms of dry weight. The intake rate was

calculated as described {n chapter 4.

The effect of structural defenses was examined in two

experiments lnvolving the removal of thorns from woody plants.

|
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i. Removal of Thorns fcom Trees in the veld

Ten trees each of Acacia burkel, a. nilotica, A. tortills and L ;

Dichrostachys cinecea of a height accessible to Impalas were .
LR selected in an acea of the resecrve adjacent to the enclosure for P
) the tame animals. On each tree two branches were matched for size, , " s

shape, density of leaf covec and ease of accuss for browsers. The

paized branches were labelled and the thocns cemoved fcom one of
] the palc, while the other was left intact, The relative loss of Lo
‘ foliage due to browsing was estimated visually tw. months after

the initiation of the experiment in December 1981. ’ 1

o ii, Removal of Thoms on Brancher Presented to Penned Goats

Twelve branches of each of the amed species A, bucked, A,

pilotica, A, tortilis, D, ¢inerea and $trychnes pungens,
representing a varfety of thorn and spine shapes and leaf sizes,
were cut and matched for slze, shape and density of leaf cover.
For each species the thorns and spines of six branches were t
] e carefully removed. All the branches were labelled and weighed. One
clipped and one unclipped branch were kept as controls. The other
ten branches were individually presented to single penned goats,
starting with a c¢lipped branch then in candom order. The goats
ware only allewed Lo wat approximately 20% of the leaves on each
branch in order to minimise any effects of Gepletion of the leaves
or satiation of the goat, The branches were subsequently weighed

and the uneaten control branches used to correct for weight loss

u
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due to transpiration., The intske rate of the goats could then be
calculated. Intake and bite rates achleved were statistically
compared using students "t" test. This experiment was repeasted six

times over a period of two weeks.

No penning facilities without natural vegetation present were
available for use with the impalas and kudus. This experiment was
repeated with the impalas but they prefecrced to eat the grass in
the pen rather than the hand-held branches. When the branches tied
to the fence instead of being hand-held the impalas mecely tossed
them around with the horns and still did not eat any of the

leaves.

6.3. RESULTS

1. Plant Charactecistics

i. rlant Size

At Nylsvley the major cohort of woody plants with foliage within
reach of the browslng ungulates consisted of shrubs and juvenile
trees of undec ¢.5m high. These plants, which foimed 48% of all
woody plants, are within the herbaceous layer and hence are
suscaptible to both browsing and f£ire, The next most common cohort
was sheubs of 8.5 - 1.5m in height and trees of above 2.5m. Most
of the follage of these tcees is out of reach of the browsing
ungulates. Few plants of the intermediate size occurred (Fig

6.1.).
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A1l the animals had the lowest acceptance far the small woody
plants growing within the herbaceous layer. The acceptances of
plant within the athec cohorts were fairly similar (Fig 6.2.}. Due
to the relative scarcity of plants in 1.5 - 2.5 m. height class,
most of the diet of the aniinals consisted of shrubs of 5.5 - 1.5m
and trees., The kudus ate less of the smallest size woody plants
than did the impalas and goats. Wnen freding in the herbaceous

layer kudus tended to eat forbs rather than small woody plants.

11. Bite Size Achieved by the Animals.

wWhen feeding on forbs and most structurally undefended woody
plants, the bite size of the kudus was significantly greater than
that of the impalas and goats by a magnitude of 2-3 times (Tables
6.1. & 6.2.). The kudus usually bit off large shoots, whereas the
smaller animal species ate small shoots and single leaves (Fig
£.3.}. The average bite size of the goats when feeding on woody
plants was consistently slighly higher than that of the impalas,
but the difference was not significant. When feeding on forbs the
bite =ize of impalas and goats was very similac. The average bite
size achieved by animals when feediny on forbs was almost half

that achieved Eroin structurally undefended woody plants.

The presence of ihorns or spines on t -~ branches of woody
plants iimited the animals to eating single leaves. All three
animal species thecefore achieved very simitar bite sizes fram the

Acacla species and D, ginerea trees, Althaugh the bite size
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Table B.1.a. The Aversge Bite Slze Achieved by Browsitg Ungulate when Feeding on Woody

Plants
Koo Inpelan coats
Speties Mean s€ n Mean SE n Mean SE n
Acacla niotsca ©.03£9.09 29 ©6.03¢ 800 326 .63 40.08 DL
Acacia tortilis - ~ - .02 ¢ 8.00 213 6.83 £ 0.68 37
purkea agricans 6790608 75 0.08%0.06 8 0.20 & 0.91 207
Condratum nolle U374 0,04 93 009 %0.01 14 8.2 0.82 131
Dichcostachys Cinerea 8.0 0,00 457 0,08 + 6.90 938 .16 £ 8.85 351
Dombeya cotundifolia 2.46 % 0,03 41 - - - 6,25 % 0.8 526
Fuclaa natalensis 0482 0.64 26 0144061 138 0,20 & 6.9 1931
Grevia £.svescens 0.27 4 6,81 766 0.05 £ 9.04 1065  0.99 & 0.06 1333 :
ovhna pulchra 9073000 250 G0+ 802 95 6.15%8.8) 120 -
Peltophorus africanan - - - 8.37 £ dp1 54 6.72 % 6.68 5
Rius Jeptodictya 8444002 16 0692081 25 173 R0 17
Steycrnos pungen, 0.97 4 8,81 179 P96 3 601 118 0.9 &+ 9.8 146 4
Terninalia sericen .46 966 IF Q.22 % 622 BO 8,28 £ 0.84 24 “k
Vitax cemannit 05T+ RES I M4y 82 37 843 081 220 Los
Hear: Thaeny Plarcs ST AN . BMERE2 3 Be5: ey 3 )
Mean Hon-thorny Blasts @.45 1004 10 B4+ 0.03 30 018+ 0.62 10 : i
Becluding P. africems
Table 6.1.b. A comparison of the Aversge Bite Sie (guc Actaeved by Xudus, Impslas and [ 1
Goats when Perding on Weody plants

Geats  Iepatas Kudus : Impalas  Kodes : Goats Lo A
s x P ¢ o v » e
Acacta nflotiea e000 4t BB 349 vose 128 S
Aeacla gortilts [N TR - - - - .
Buckna africasa S5 21y 124644 83 5,303%%% 282 .
Combrstun molle 1565540 325 ERULE 1 1457 224
Dichrostachys cinerea 1385 lane LA 188 c.000  ea8 L
Dowmbeys ratundifoiia - - - - 2.858% 567"
Euclea natalensin 1.807 2008 3.22784 1967 |
Grewlo flavescans 1189 2398 1274260 1831 13000544 2099 ' 1
ochna pulchrs 2.945 218 5.837%0 348 4000000 370 ‘
Peltophorun africamum 1837 5 - - - - | .
Rhus l‘epmdlctyﬂ 1.600 203 403 4y 36410 199 [ ’
Strychnos pungens 0.660 264 10,6674 297 B4asr 325 ,J
Teminalia sericea €.557 184 2799 9% 1.166 @ L
Vitex retmannii 6.006 237 43880174 02 377 .
Mean ALY Thorny blants 2,863 6 0159 5 610 s [
Mean AL Nor-orny Plants 8,346 18 2310 1 1872 20 i“

|
{ Significance Levels : * P < 2.85; ** P < 0.61; *** p < 0,04l }
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Table §.2.a. The Average Bite Size {gns) Achieved by Browsing ingulate when Feeding

Spectes
Evalvulus alsinoides
Hemannia grises
IndigoEera maces
Justscla flava
Oldenlandia hecbacea
Fodlichia canpostels
5ida corditolia
Solanus pandureafome
‘Teprosia forbesii
wWalthacla indica
Mean ALl Spesies
Mg patched Specins

Table 6.2

Species

Evolvilus aiainoides
Hermannia gelsea
Indigofeca macca
Jdusticia flave
Oldenlandia horba=as
Pollichia canpestris
5ida cordifolts
Solanun pandurcatormo
Tophcouta Lacbesil
#altheria indioe
Hean A1) Species

on Fords
Kudus Inpalas Goats
Mean B n  Men S5 n  Men 6
- - - 8.05:0.00 5 806 & 9.60
2.23%0.00 61 0.9+ 0.00 169 .10 % 0.00

8.11 ¥ 8,00

26 0.668 +0.88 13  B.08 & 9.80
.01 0,02 133 9.10% 0.8 43  4.08 & 0.8
8,524 9.07 27 0.05+0.88 156  9.85 £ 9.99
- - ~ emsoes 7MW - -

- - . BB E0.01 18 - -

8.24+ 0.1 215  B.l40.08 383 0.14 % 0.00
0204607 5 0.0810.81 B  9.69 % B.01
28+ 8.67 5 0.83:£90.81 5 9.99 & 002

Geats when Feeding on Forbs

Goats : Impales Kudus ¢ Dopalas  Kudus 1 Goats
1 n 3 n t n
[ ST U] - - - -
8378 409 2,954 23y 2.837°% 367
088 41 21234 159 21210 134
0631 12 a.696r++ 173 $.7504%% 220
a8 228 7667404 183 331444 120
172 g8z 4333w 518 3.1624% 486
2.845 14 Le4s 13 3845 1

( Bigniticance tevela 3 % P < 8.05; #4 P < 0.91; *** f < 8,801 )

M - ey

A compaciaon of the Mocege Bite gize (gms) Achieved by Xudus, Dupales and
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achieved by the animals was significantly correlated to the rate
of fcod intake {Fig 6.4.), the acceptance of a plant species did

not correlate with the size of bite obtained (Flg 6.5.).

iii. Biting Rate Achieved

The lmpalas generally had a significantly mwoce rapid biting rate
than the kudus and goats {Tables 6.3 & 6.4.). Unlike the bite size
the biting rate was not related to the rate of food intake
achieved (Figs 6.6. & 6.7.). The biting rate on woody plants was
not significantly correlated to the acceptance of the woody plants
(Fig 6.8.}. Biting rates were most rapid when the animals were

Feeding on the thorny Acacia species which offer only a small bite

size, and also on the favoured species D. cinerea, G, flavescens

and V, retmannii,

The impalas also had a rapid biting rate when feeding on 8.
parkjens.  They tend to pluck off single leaves in rapid succession
cather than eating the shoots, The stems of 8. pungens were very
hard and every leaf bears a sharp terminal spine. The kudus had a
low biting rate when Feeding on these spiky shoots, Bach shumi was
bitten <ff with the welars then delicately turned acound in the
mouth until the spines pointed away from the throat before it
could be swallowed. The goats ate mainly single leaves of this

species but at a slower tute than the impalas,

The acceptance of forb species by i~oalas and goats was also

PR - [—




Table 6.3.a. The Averago Biting Rate (bites / min) Aichioved by Srowsing Ungulste when
Feeding on Woody Planta

Kudus inpalan Goats

spacios Meen  SE  n o Men BB 0 Men 52 : ?
Acacta nllozica Wt 58 4 Ar LE 2 BSE 22 15 .
Acacis tortilis - - - 33 21 15 L6 ) N
Buckea africans 16.6¢ 15 2 460 £ - 1190t 18 B ilﬁ
Conbretim molle BIE LI 1 188E L7 W B9E L6 1§ g
Dichrostachys clnarea D5k 11 Bl WAt Ll 6 WS L6 36 }
Ponbeya corunditolta 1963 L7 8 - - - 188% 18 & o
Eocles natalensts Bt 42 7 WEE D 0 Bt Le W :
Grewia Elavascena %58 1.0 9 M4y 11 82 28+ 9.8 Uz

ochna pulehea 2W1p LS M W2t 23 15 M1t 23 16

Peltophorua afrlcanum A - - 88s 37 3 1204 87 2

fhas teptodictya 12t b4 T 1581 23 6 1461 LA 16

Stryeves fgens 4t 88 1 B3+ LI T 163+ LI W

Tecninatia serices Mlt S0 6 1% M 1 14T+ 28 S

Vitex ceteannti 205 L5 M6 WMT:iLS 2 2le 2l 18

Haan A+ 16 12 74 23 13 19.8% LT 14
Table 6.3.b. A compacisan of the Avacage BEing Rates Achieved by Kodus, Tngakas snd Gosts

dhen Feadling on tody plonts
Gosta 1 Inpalas  Kudus ¢ Dpalos  Kudus ¢ Goata

Specien & a t n t a
Acacla ntlotica [RTTCERE o685 26 393 1
acacls tortills 2820 10 - - - -
Burkea atclcana a9.60900 33 RTINS 46790 L
Senbrotum mu la s5emee 36 LR 06 2
Dichrostachya sinecan 8800 1oo 56934 125 1364 o7
Dombeys cotuni folda - - - - 2820 76
Bucloa natalenaln 5.25200 224 S.algme 3 26410 215
Growta Elavescens 20092080 194 12,3830+ 172 15,5130 202
Gehna pulchen JERCITE EREETY 76740 58
Peltophorum atcicanun Su7ene 1) - - - -
Rl Leptadictya Lome 2 s 11 162 23
Steyehnos pungans 125390 52 18743080 245 585300 a4
Terminalia seclosa 361 19 soume 2 6876 1
Vltex rebmannii R ) 2248t 18 oo 3
Mean AL Specles 736900 77 753260 25 0209 %

( signiflcance [avels : % P <

B.05; A% P < g.dl; A% P < B.20L )
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Table 6.4.2, The Average Biting Rate (bites / min) Achieved by Browsing Wngulate whon
Fooding on Porby

Rudus Impalas Goats
Species Mean 8E n Moan 88 n Moan B2 n ) ?
Evelwulus alsinoldes - - - W3- 1154 07 8 |
Hermannia grises 294 20 M BWIE 33 W MIF LI & ]
Indigofera macra - - .- - - - - -
Justicla flava P9+ 41 W 423% 73 2 M2t - 1
Dldenlandia herbazea .- e e . - - - - - V
Pollichia campastris BAL 38 9 4394 78 5 385% 68 i .
$ida cordifolia 1974 1.6 16 3264 28 17 B2 3l 18 R
Solanum pandurealorme - - - 8E 33 W - - - ‘]
Tephroafa forbenis - - - a29+l03 4 - .- . y
¥altherla indica i 22 W NS+ 1S M T3 25 27
Hean Mey 29 5 ME6s 28 8 W3 3T 6 '

Table 6.4.5. A compatison of the Avecage Biting Rateq Achleved by Kodus, Inpalas and Goats
shen Preding on Forbs

Goats : Tmpalas Rudvs ¢ topalas  Rudus ; Goats

Spocios t n t n [ a
Fvolvals sisinotdes msprre 9 - - - -

Hermannis grises 155 @ JLRTE R ] 17,5050 55

Indigotera macea - - - - - -

Justicia flava B9 3 33240 12 5.089%%+ 1)

Oléenlandia harbacea - - - - - -

Pollichia compentels 3.BI34+ 1% 40960 14 e.pl1l 13

Bida cordifolia 2,407 27 11841444 33 132Revae 26 «
Solanum pandurestonne - - - - - - ¢
“ephrosia 1qbesti - - - - - - ¢
Walthecia Indica 441540 65 5.249044 68 8,298 45 B
Mean AJ1 Speclen [ Zral Ll U} T.30844% 13 .012 13 ;

{ Bignitizance Levely 1 # P e B0 * P o M8Y

AP L PR Y

o

i
i
'
i




6-7c
2
Kudus
2 R ne12 £ 8060
®BA
%
upR
w
AL ®OP
5 xEN %GF
NCM/TS oG
P *AN
o
o its £ ) %
-~
=
k] Inpalas
E! n=13 1=-2.240
8 s
2
xPA xoP
5.
E R
P s A8 e
g ? cm
H Py o NGF
° 0
F R S S S S R
M
Goats
Nl e 0372
i xa
10
P
5 . -
u
el
opxwts "N o ih
. Kep  wAN =T )
s i 0 £ ) 35 i} N
o
Averoge Biting fate ( DEkes Fer Hinuce )
P19 6.6. Tho Rolation betunon the BIting RatoAchlaved by Browsing Ungulates and the Rate of
Intake of Woody Plants.




6-7d
w
Kudus
5 PO e s em 9307
n
*HG
%G ( ;
’ .
W) §
*F .
0
23 E) £ b :
~1
o -
" Inpalas RIS
~ *HG
a8 c= B33
i x5t ne®
-
5
L]
é \ ol “F
% xS0 3
H xEA i
2 TEx NP0 '
s
o b W s
s
Goaus e
“ Wi G qw g o 0178 s
3
2 L
0
) 3x .
WEA P&'
o
i ) n E) 3
Averege 8lting Rate { Bitus pec Minuto )
Pig 6.7. The Relation botwsen the Bieing Rake Achievedby Browsing Ungulates and the Rate of 3
ntaks of Forba, .
K
Se
o b




6-7e

Plant Species Acceptance Value
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not corcelated to the biting rate, but a significant correlation
existed for the kudus due to their rapid cate of biting on the two

favoured species p, campestris and J, flava (Fig 6.9.).

The rate of biting when feeding on forbs was generally more
capid than when eating woody plants. The forbs from which the
highest biting rates were achieved were P. campestris and J. flava
which do not have a very thick central stem. The impalas and goats
both had a higher biting rate than the kudus when feeding on S.
cordifolia and H. grisea. These two forbs are perennial species
with hard stems, The kudus ate shoots while the impalas and goats

nibbled the leaves off the side of the stewms,

For woody plants the bite size and rate of biting (Fig 6.16.).
were negatively correlated only when the two large leaved,
non-favoured species B. africana and P, africanum were excluded
(kudus ¢ = -8.617*, impalas r = -7.636%, goats r = ~8.615%). The

biting rate and bite size achieved from Fforbs were not correlated.
iv. Intake Rates Achieved

a. Woody Plants

The acceptance of plant species by kudus, impalas and goats was
not significantly correlated to the intake rate achieved (Fig

6.11.). Many of the large leaved plants such as B. africana, P,

africanum and the Lannea species offered a high rate of food

intake but were of low acceptance (Table 6.5.a.). The acceptance

=y
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nable £.5.a. The Averaqe Intake Rats (yma / mln) Achleved by Browslng Unqulate when Feedlng
on Woody Plants

Kudos tapalas Goats
Speclas Mean 38 n Mean 4 N Meam 3B n
Acacia ailotiea W86 1822 4 3Bl 0T 22 44550487 19
acacta eoctilis - - - W66 347 15 WIS ey 3

1234 8 L84y 1 LTS+ aas A
L85 11 LYy A68 W LTI £ AST (6

Buckea afcicana

Conbratum molle

Dicheostachys cineses L33l Bl LB 3L B 2114828 36
toubeya ratunds folta 8.5842.3 9 - - - 443rdds o8
Evelea natalensis 689 £ 9.99 7 RIB @58 18 417386 206
Grawla Flavescens 499 8.38 90 LSL40.95 82 1994409 w2
ocna puichea 5785071 M 2584103 15 233105 16
Peltophorus ufrfcamam - - - sazres? 3 dMrem 2
sus leptodictya 7254998 7 145403 6 2624956 16
SEeychnas fungens 4498042 19 La7¢8.23 W LI EEAd
Teonlnstia saclcer $6649.93 6 104058 10 484046 S
Vitex ceponnntl ML +285 15 L9 +mT 2 LISy 6T 18
Mean 6.23 % L4 12 267 4 Jdd 23 L1T 661 14

Teble §.5.5. A comparisen of the Average Inkake Rates {Jas / nin) Achieved by fudus,
Inpalas and aaks when Feeding on Woody plants

Joats : impatas Kudun : tepslas  Kudus ¢ Goats
Spectes 3 n t ) v 3
acacta nflotiea e n S.141 7 8853 W
Acacia tortilia ue 18 - B - -
Burkea ateicana 8316 3 12,998 * 21 12211444 51
Coubestim 2ol le XTI s.850 L3
Dichcostachys claorea 9.784  1sa 1.49¢ 125 23659 97
Dorbeya rotunditolis - - - - a.4090%¢ 76
guclea patalonsis 28500 224 31T 25 3094 215
Grawla Elavescens 2.869%% 192 16.981%% 173 13.41600 202
ochna puichra 9.394%0 31 S.il2ear 49 [XE-
peltophorum atricanun 37280 11 - - -
Rbus leptodictys 22644 22 LR
Steyohnoa pungens 1399 a2 8.4, B.7050Ax 44
Termlnalia saricea L6919 2.049v 8.758 1
vitex cetmanni{ 0454 20 £.8814% 18 9.d66+ex 34
sHeen AL1 Species .09 27 8.526%%% 25 6.990 2%

( Slgnificance Levels : 4 © < 8.05; ** P < ¢.8L; ** ¢ < 6.801 )

“ - e

i
i

e
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of thorny species were of lower acceptance than other chemically

similar species.

The kudus generally obtained a significantly higher rate of
food intake than the impalas and goats when feeding on unarmed
plants, but when feeding on thorny plants theic intake rate was no

diffecrent to thak of the smaller animal species (Table 6.5.b.}.

All the animals had a significantly lower rate of food intake

when feeding on the thorny Acacia species than when feeding on a

palatable, unarmed, species such as G, flavescens, which had a
similac leaf size (Table 6.5.c.). The rate of food 1;\take £rom D.
¢inerea was significantly higher than that obtained from the
Acacia species, despite belng similarly armed with stem spines.
The leaves of D. cinerea are considecably lacger than those of the
Acacias (Table *.5.}, yet despite the larger l¢af size, the rate
of food intake hieved by the kudus when feeding on D, cinerea
was still lower than that achieved from unarmed species even those
#ith a smaller leaf size. This is becaese kudus mainly select
shoots when feeding on unacmed species, whr ¢as the bite size from
thorny plants is limited ko single 1luaves, Impalas often eat
single leaves when feeding on unarmed pl-uiis and hence the intake

cate achieved from D. ¢inerea was comparsyl- with that of several

unarmed species.

The intake cate of kudus when feeding on 5. purgens, which
offers a large bite size but a slow biting rate due to the spiny

leaves, was comparable to that achieved from unarmed species with

i
i
i
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Tabla 6.5, The Average Weight (gus Dry Weight) of Tndividiual
Leaves of Woody Plant Epectes
Bpecies Mean nange

ook Burkea a€cicans LEa a7z~
s Launen edalls LB B3d- 108
J tannaa dizoolor 699 631~ 1.33
o Sclerocarya caffrs 277 .63 - 0.95
o ;n | Vanpueris Infaustra 8.65 B.AT - B.T1
T seltophorum africanm 856 0.0 - 115
" Bequartivdendron mxgsllamontanum 2,58 9,42 ~ 9,59

ieacta cattra 624 0.23-0.33

Couretun seyherl 822 04 -a5t

Beidelta wollls 821 B28-B.21

Grete sonticola 828 2.5 - 822

Combretun moilo 038 ew7-0.51

S Bucles natalensis 818 B2 825
" Mundulea secloss 617 8 4-69
P Vitax rehmannii [RY] 9.08 ~ 6,16

I8 Oehna pulehra 8.14 B.87 ~ 047
Ozoton paniculoss 04 G.EE - 620

I'8 Stcychnog coctuleiden 612 0.0 -e4
! Diehrostichya clneren 212 2.84 - 8.25
N Donbeya rotundifelia [RCIEY NI RTS
L merminalle serloes [RY) .06 - 9.19

' Acacta hebacleds 8.8 810
Rhws pyraiden a0 0.9 -85
ERE fihus laptodictya 019 0.85 ~4.15
1
n i




Table 6.6. Cantinued...

Steyehnos nadagase ransts
Combretun apieulatuy

Eucles orlspa
Daeudolachnostylis maprowd fotin
2izigws mucronata

Ximenla cagfca

asatne srapsvanlansts
Acacia kareo

Grzvla bicolor

Acasia barkel

Se.vehnos pungens

Qrevta Clavescens

Aescta nidorica

Qrevia tlava

Cartasa bispinosa

Naytenus tenulspins
Encetio ciyida

Canthlim gi1 13 ant

Seacta vortilis

Buciea undulata
Eeythrowoeta menyharthi i
Securldaca langtpedunculata

0.09

8.88
.08

8,07
0.67
2.07
9.86
2.06
5,85
0.95
0.95
8.8¢
0,84

0.83
2.83
2.92
.02
8.22
0,02
0,02
8.81
0.01

690

.88 - 2.09
9.87 - 6.23
(X
2.07
©.63 - €13
8.96 ~ 8.8
6.85 - 8,86
9,04 ~1.17
2.95 - 0,06
8.04 - 9.89
0.83 - 9,68
a.82 - 0,86
9.02 - 8,07
8.82 - 5.6
8.83 - 9.86
2.81 = B.03
8.61 - 8,84
8,01 - 2.84
a.61 - .03
0,02 - 0,64
6.81 - 8.82
8.8)

- L,
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a similar leaf sir:. The intake cate of the impalas on these
species was also not significantly affected by the presence of
leaf spines but these spines did Jower the rate of food intake by
the goats which tended to eat only single leaves and small shoots

of 2-3 leaves,

B, Focbs

The rate of Cfood intake achieved when feeding on forbs was not
correlated to acceptance for any of the animal species (Fig
6.12.). Favoured species like J. flava and T. forbesii offecred
only a low rate of food intake as compared to the less favouced
stemmy perennfal specles, The kudus obtained a significantly
higher rate of Eood intake Erom forbs than did the goats and
inpalas due to their larger bite size (Table 6.7.). The impalas
had a higher rate of food intake than the goats when feeding on S.
cordifclia and W. {ndica, due mainly to theic more rapid biting

cate,

v. Leaf gize and Leaf to Stem Ratio of $hoots

The size of the leaves of woody plants bore no correlatlon to the
leaf to stem welght value of the shoots, except that species with
very small leaves such as Securidaca longipedunculata naturally
tended to have a low leaf to stem ratio (Fig 6.13.). Many of the
thorny species such as Acacia species, 2. mucropata and C.
bispinosa also had small leaves. Species with a high leaf to stem

ratio were the Caubretum species and plants such as T. sericea and
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Table 6,7.a. The Average Intake Rate (gus / min) Achieved by Brovsing Ungulate when Pesding

species
Evolvulus alsinoldes
Rermannia grisea
Indigofera ascea
Justicia flava
Glgenlandia harbacea
Pollichia conpestris
$ida cordifolia
Solanus pandureatorme
Tuphrosia forbesii
walthecia fodlca

aan

on Porbs

Rudus 1npalas
Moan 8E n Mean SE

- - L6y -
649 £ 1.65 14 4.53 % 0.6
37 x84 3.38 + 6.79
18.88 ¢ 3.68 13 3.32 4 1.52
9.88 £ 2,21 16 2,79 % L.68
- - 3.86:8.37
- - 12%:0.2
6.3 ¢ 8,88 24  4.662 0.5
745129 5 341043

w
b}

-

Goats
Hean 858
8.B4 % #.18
471 039
2.6 % -

2.4p + 1.68
192 4 8.25
2.99 £ 0.36
2.37 £ 8.58

Table 6.7.5. A compacison of the Averoge Intake Rate (gus / min) Achleved by Kudus,

spectes
gvolvulus alsinoides
Hermannis grisea
Indigofeca nacea
Justicty flava
Gldenlandia hecbscea
Follichia canpestein
$ids coraifsliis
Solanus pandureaforne
Tephrosia Eorbos! s
sialtherta indica
Mean AJL Species

{ Signitcance Levels :

and Goats when Peeding on Forbs

Gonts : Impalas Rudus : Impalas
3 n [3 n
1.956 9 - -
2,937%¢ 56 2996+ 33
1.498 3 B.436 12
1.890 15 5.5140%% 14
2520 77 T.206040 33
@8 73 3.5460% 69
1127 14 B.67g%es 13

Y

* P B

Rudus : Goats
3 n
83424 55
915 1

T.648%0% 19
22.92008% 26
F.a3gher 52
B.apgans 13

R R R A X ]

mpalas
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0. pulchra where the leaves grow in clusters.

The acceptance of woody specles was nok correlated to the leaf
welight (Fig 6.14.), except in the early growing season, when the
impalas displayed a significant preference for the small leaved
plants. Noticeably all the animals had a very low acceptance for

the two large leaved species B. africana and P, africanum.

The ratio of leaf tissue to fibrous stem of the shoots was
also not correlated to the acceptance of plant species (Fig
6.15.). For the kudus in pactlicular the large clusters of T.

sericea leaves were of low acceptance.

The intake rate of the impalas was positively correlated to
leaf size in the growing season (Flg 6.16.}. Since impalas eat
mainly single leaves this relationship was only to be expected.
This correlation was evident, but less strong, for the goats and
kudus in the growing season and did not reach significance, The
intake rate of the kudus was correlated with leaf size in the dry
seagon mainly due to the few occasfons on which they ate the large

leaves of B. africana, but for the goats and impalas the rejection

of this species spoilt the correlation.

The relationship between the leaf to stem ratio of the plants
and the iIntake rake was not significant for any of the animals.
Many of the plants species with large leaves oc leaf clusters

enabling the browser te achiave a high potentisl bite size and

N
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hence intake rate were infact of low acceptance to the animals. )
Conversely many favoured species had small leaves or were armed ;
with thorns or spines. The acceptance of several large leaved
species tended to increase in the dry season when food

availability was low, There was no decrease in the acceptance of

smaller leaved species except for the microphyllous Acacias

species and D. clnerea. When dry thess leaves disintegcated up on
contact and hence the animals got very little to eat from these

leaves,

2. Description of the Effect of Structural Deterrents on the 1
i
!

Animals Method of Feeding

a, Woody Plants

When feeding on Acacia species all the animals were restricted to

eating single leaves or small clusters of leaves growlng between

the thorng. A, tortilis, which has tiny leaves set in between both

o hooked and straight thorns, was carely eaten by the kudus despite
Y the high nutrient content of the follage. The impalas also tended

to have & lower acceptance for A, tortilis than A, nilotica which

hag larger leaves, although the foliage is slightly less rich in

nutrients and contains more aenzyme-inhibiting polyphenols than

that of A, tortilis.

The hooked thorns of A, tortilis and A. burkei tended to catch

on the lips and tongue of the feeding animal. The goats

encountered additional problems when feeding on small A, burkei
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plants as thele long £loppy ears became painfully entangled in the
large hooked thorns and it often took a considerable time for the
goats to Erce themselves. The branches of Acacias also tend to be
flexible, Often when an animal pulled off a leaf the branch swayed
pricking the face of the feeding animal and preventing it Erom

resuning feeding until the branch was Steady once more.

The spines of D. cinerea were less sharp and more widely
spaced than the thorns on Acacia plants, but still effectively
limited the animals to eating single leaves. Similarly the spines

of Maytenus tenuispina limited the bite-size to one leaf cluster.

The evergreen C. bispinosa had bifurcated spines and a dense
growth form which limited access by large browsers. This plant was

browsed by Impalas and goats in the late dry season but was not

often eaten by the kudus. The protein rich leaves of Z, mucfonata

were protected by hooked stem thorns. As with other thorny species
the impalas and goats ate mainly single leaves of this species but
the kudus ate the small latural shoots of 2-3 inches in length

regardless of the thorns.

The only coimton woody plant at Nylsvley with spiny leaves was
8. pungens. The stiff evergreen leaves were angled towards the end
of the shoot, each leaf terminating in a shacp spine. The impalas
ate single leaves but the kudus, and occasionally the goats, ate
whole shoots, biting through the stem with the molars then turning
the shoot delicately around in the mouth until the leaf spines

pointed away from the throat, When subjected to heavy browsing

e i i




!
614 f
3
pressure this species forms dense clumps of very short shoots. The [ g
wudus were seen trying to Eit these spiny masses of leaves into P 1

their mouths but usually gave up befoce obtaining any food. The )
impalas and goats couid nibble leaves ¢ff the edge of these clumps ! 4

but could not pull leaves from the centre of the clump.
!
b, Farbs i
{
|
Pew forbs bore structural defenses. The Asparagug specles with !

their flexible stems, sharp hooks and small filamentous leaves

were eaten by the impalas and goats which carefully nibbled the

tiny leaves, but the kudus only ate these plants when the shoots
were new and the thorns not yet hardened. Solanum species also
have hooked stem thorns but che leaves ace often large. The swall
spines on the midrlb of the underside of each leaf of §, e

panduraeforme did not seem to effect the way the animals ate the

:
plant but Solanum species were not favouced by the aninals and are f
1

often reported to be toxlc,

3. Experimental Removal of Thorns
i

a). Removal of Thorns From Trees 1n the veld §
|

Two months after the thorns were removed from branches of thorn

trees in the veld, 88% of the thornless branches of A, nilotica

and A. tortilis showed noticeably more browsing than was evident

on the intact control branches. §0% of the thornless branches of

e . vt
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Table 6.8. Visual Estimate of the Increase ( % ) in Leaf lLoss to
Browsers on Branches with the Thorns or Spines Removed, as

Compared to Paired Intact Branches

Tree Acacia Acacia Acacia Acacia Dichrostachys
Specles nilotica tortilis tortilis burkel cinerea

{~ hooks) {+ hooks)

8a 1 2 Bg 82

a8 8@ @ 7 50

88 40 ] 56 49

88 38 8 5¢ 20

5@ 20 ~ 26 -

48 - - 5 -

40 - - ] -

] - - - -

9 - - - -

Average 80 83 @ 63 49

Difference 4.234» 1.984 0.000 4,898% 1.68¢

from Zero  (values of Chi Squared)

* Significant at 95%

i,
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B. burkei showed increased browsing pressure in relation to the
thorny branches but only four of the ten unammed branches of D.
cinerea were browsed more heavily than the spiny controls (Table

6.8.).

The increased browsing pressure on unammed branches of A.
nilotica and A. burkei was significantly different from zero, but
for A. tortilis the sample size was too small as four of the
branches were incompletely dethorned, having the hooked spines
left on the branches and only the straight spines cemoved. The
spines of D. cinerea were less effective in deterring large

browsers than the shacp Acacla thoens, possibly because the leaves

are larger than those of Acacias.

Interestingly of the four A, tortilis branches which had only
the straight thorns, but not the small hooked thorns removed, none
were browsed more than the intact branches, It seems that these
small hooked thorns, which catch on the lips and tongue of the

feeding animal, ace a particularly effective defence strategy.

b). Branches Presented to Penned Goats

The intake rate achieved by the goats when Eeeding on A. tortilis
increased significantly when the thorns were removed from the
branches, This was due mainly to on increase in the feeding rate
and to the greater quantity of food obtained per bite (Table
6.9.). A slight but non-significant incresse was obsecved for the

intake rate obtained from the other Acacia species once the thorns
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Table 6.9 . The Bffect of the Removal of Thorns and Spines
from Branches of Acmed Plants on the Feeding Behaviour of Goats.

Intake Rate (gms / min}

Species Thocr; Thornless
Mean 88 Mean SE n t
Acacia nilotica ©.54 % 9.06 .87 + 8.17 E) 1.875
Acacia tortilis 8.31 + 8.05 #.68 + 8.69 6 3.786 **
Acacia burkei 2,61 + 8.29 3.18 # 8,33 8 1.279

Dichrostachys cinerea 2.53 + 6.15 2.56 4 8.22 5 2.113
Strychnos pungens 4.95 + 1.65 9.48 1 2.88 5 2.487 *
Feeding Rate {bites / nin)

Species Thotny Thornless
Hean SE Mean SE n t
Acasia nllotics 22,1 £ 4.9 2B.9 # 2.87 5 1.218
Acazia tortilis 19.6 + 4.27 31.5 + 2.25 6 2.469 *
$oacia burkel 24.5 £ 4.4 31.4 + 2.67 6 1.491

piehrostachys clneces 32.6 * 2,17 34.8 + 3.86 5 #8.498
Stryshnos purdens 19.5 ¢ 3,81 27.) t 2.76 5 1.659
Bite Size (gms)

Specine Thorny Thornless
Mear SE Mean SE n t
Acacia nilotica 6.93 + 6.00 .05 ; 8.9¢ 5 G.416
Acacia tortilis 2.1 + 6.80 0.82 + B.01 6 ©.160
Acacis burkel .11 + 6.00 2.1 + 6.01 6 @.149
Dichrostachys cinerea .16 + 9.61 0.13 + 6.01 5 8.382
Steychnos pungens 8.16 + .82 8.33 + 0.02 5 1.267

* gignificant at 95% ** Significant at 99%
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and are moce widely spaced along the branches {Flg 5.12.}, so were
a2 less effective feediny detecrcent to the goats, The leaf size of
D. cinerea was alse siynificantly lerger than that of A, nilotica
and 3. tortilis. Both these $pecies bear shacp straight thoens but
A, toctills also has snall hooked thorns which catch the animals’
lips. A. burkel has only large hooked thocrns, although these
caught the goats’ 1ips and eacs, the laryer lenf size enabled the

animals to obtain a similar intake to that Ecom D. cinerea,

The leaves of 5. pungens have shacp rerminal spines. The
shoots were eaten Dy the goats and kudus but were often shifted
around {n the mouth as though causing discomfort. Wnen these leaf
spines were removed the intake cate achieved by the goats doubled,

due mainly to an incceased bite size.

The detecrent effect of thorns and spines was FEurther
demonstrated by the goats, which Soon learned to cefuse the thoeny
branches presented to them and to wait until undefended branches

were offered,

e ol FA L~
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Table 6.10. The Distance (mm) Between the Thorns and Spines of

Common Armed Woody Plant Species

Species Distance

Mean SE n
Dichrostachys cinerea 55.3 + 1.7 17
Acacia nilotica 37.1 + 1.} 93
Acacia tortilis (Straight) B.6 + 1.4 61
Acacia tortilis (Hooked) 22,3 & 8.9 62
Differences Between The Spacing of Thorng
spe?ies t
Dichrostachys cinerea : Acacia nilotica 9.447%%*
Dichrostachys cinerea : Acacia turtilis (Straight) 11,279%%%
Acacia nilotica : Acacia tortilis (Straight) 3,658%%%

Acacia tortilis (Straight) : Acacia tortilis (Hooked)  4.920%¥%

*%¥ Significant at 99.9%

- an -
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6.4. DISCUSSION

The effect of plant structure on the feeding behaviour of large
herbivores is slightly diffecent for each animal species due to
their differing body size and feeding technique. The kudus were
the largest of the three animal species considered. When feeding
on non-thorny browse plants kudus ate mainly shoots. The impalas
were the most delicate feeders, usually selecting single leaves.
The goats were intermediate in thelr feeding behaviour, about a
third of the bites taken by goats consisted of shoots and the
ramainder of leaves. The impalas had a more rapid rate of biting
than the kudus and goats, Consequently the overall rate of food
intake by the impalas and goats was similar at approximately 35
dcy weight/min, while that of the kudus was 6g/min., The intake
cate of the impalas, and to & lesser degree the goats, was
naturally related to the leaf size of the plant. The weight of
individual leaves was of less Importance in determining the intake

rate of the kudus as they eat mainly shoots.

The rate of feedlng was negatively correlated to the bite size
achieved when feeding on palatable woody plants. The bite size was
pacticularly rapid when eating favoured food plants, most of which
bear smell leaves. Many of the favoured species are also armed,
The presence of thorns and spines on the stems restricted the
animals to eating single leaves or leaf clustecrs between the
thorns. Although the rate of biting on these plants was high, this

could not compensate for the low bite size achieved from the

.
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Acacias and other thorny species bearing r.all leaves. When
feeding on such plants the intake rate of *.ie kudus was no greater

than that of the impalas and goats.

In addltion to limiting the bite size of the animal, the
presence of thorns restricts +the rate of feeding by large
herblvores. Removal of the thorns Efrom A. tortilfs branches
allowed the goats to increase their biting rate significantly.
This effect was less marked for other armed species with larger
leaves, A. tortilis combines a very small leaf size with both
sharp straight thorns and small hooked thorns which catch on the
animals lips and tongue so¢ slowing down the rate of feeding, This
effect was also noted by Dunham (198€) in his study of the feedirg
behaviour of a single tame impala in Sengwa, Zimbabwe. The spines

of D. cinerea did not significantly reduce the intake rate of the

impalas and goats because the leaves were fairly large, hence the
bite size was greater than from the Acacia species. The intake
cate of the kudus was low relative to unarmed species because the

spines prevented the kudus from biting off whole shoots.

The spines on the leaves of 5. pungens also reduced the rate
of feeding by the animals, although the bite size was large since
the kudus, and occassionally the goats, bite off shoots. These
shoots must be carefully turned 1in the mouth until the shacy
spines in the ends of the leaves face away from the throat before
they can be swallowed, thus causing a delay in the rate of food

intake.
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The leaves of Acacias and D. cinerea were rich in nutrients as
were the small leaves of G, flavescens. Yet due to the low rate of
intake achieved from armed plants, the rate of ingestion nutrients
From these species is often less than that achieved from
relatively less nutrient rich plants with largec leaves. Buk many

of the large leaved plants are also rich in fibre and

digestion-reducing such as tannins, All the
animals showed a preference for the species offering leaves of
high nukrient content and low condensed tannin content
icrespective of the low rate of ingestion of these leaves,
Browsers have a limited cumen capacity compared to that of
grazecs, heace nust select their food for guality rather than
quantity, Browsers are often termed as "concentrate selectors"

(Hofmann & Stewart 1972).

Possibly unarmed plants with large leaves have a greater
comnitment to chemical defences than armed species. Certainly
condensed tanning were prevalent in the larger leaved plants,but
the total polypheno. content of the thorny A. nilotica was higher
than that of all other plants. Since the structural deterrents can
e of little effect against insects and microbes, the leaves of
such species must also wontain some chemical defences. The low
acceptance of the animals for juvenile woody plants suggests they
may be Selecting against toxins. The juvenile growth form of many

plants have a greater commni‘ment to defence than the adult Stages,

Despite the low I{ntake rate achieved from armed plants such as

Acacia and Ziziphus species, these plants are

-
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freyuently the principal food of browsers {Knight 1965, Nge'the &
Box 1976, Fleld & Ross 1976, Fleld 1978, Dunhan 198¢, Novellle

1983). In the Krugec National Pack kudus were found to favour

Acacia specles {in the wet season when fuod was abundant but to

select the broad leaved species {n the dry season (Novellie 1983},
The animals at Nylsvley also increased thelc acceptance of large
leaved plants in the dry season, but this was because the thorn
trees are deciduous, and the few leaves remaining on the branches

in the dry season and thece disintegrated when touched,

Kudus seem to be more effectively deterred by the presence of
thorns and splnes than the smaller herbivores For which the
lowering of the rate of food intake due to the presence of thorns
is comparatively less than for kudus. Indeed the effectiveness of
thorns was only noticeable in the intake cate of impalas and goats
when the leaf size was very small. Acacia nigrescens was a staple
food of kudus in the Kruger National Park, but they rarely ate the
equally nutritious follage of A. toctills. The latter specles has
a much smaller leaf size and offecs a very low rate of food
intake. It was however well utilised by smaller browsers such as
impala (Owen~gmith & Novellle 1983). Similarly at Nylsvley the
Acaciag, especlally A. tortilis, were of lower acceptance to kudus
than to the impalas and goats. Giraffe which are much larger
animals than kudus eat A, tortilis, but employ a different feeding
technique. The leaves are stripped off by the tongue instead of
being bitten off (Pellew 1989). Milton {1988) noticed that stem
thoens did not deter monkeys from fesding on certain tree svecies,

such defences, no doubt, causing little trouble to the nimble
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fingers of these animals.

Some forbs also bear thorns, Asparagus species were often
nibbled by the impalas and goats which could not possibly have
obtained much food £rom the tiny Eilamentous leaves which grow in
the angle between the stem and sharp thorns. The kudus were never
seen to eat Asparagus plants except when the branches were young
and the thorns still soft. The nutrient rio follage of Solanum
species was also carely eaten, but several members of this genera
is known to contaln toxic alkaloids in addition to the structural

defences,

Structural detecrents do not prevent feeding by large
herbivores, tut do reduce the rate of Follage loss to these
animals by 1limiting the bite size achieved and possibly the rate
of feeding. A combination of sharp thorns and a small leaf size
was particularly effective in reducing the rate of foliage loss
and severely reduced the food value of such plants, especially to
the larger browsers such as kudus. Such structural defences
however are not effective against insects and microbial pathogens,
hence the lesves also require some chemical protection. Since
thorns and spines are dead structures requiring little maintenance
the occurrence of this form of double protection is feasible.
rarge leaved, unacrmed plants would be expected to have a greater
commitment to chemical defence than armed species which suffer
ceduced foliage loss to at least one category of enemy. The high
palatability of armed species once the thorns are removed suggests

that this is the case.
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SUMMARY OF RESULTS

Impalas were delicate feeders eating mainly leaves. The size
of the leaves was a determinant of the rate of food intake
achleved by these animals, The goats ate both leaves and

shoots, while the kudus ate mainly shoots.

The rate of food intake achieved by the kudus was higher than
that of the impalas and goats when feeding on unarmed plants,
but when feeding on thecny plants there was little diffecence
in the intake rate achieved by the three animal species,
Hence the effects of thorns wust be comparatively greatec for

the kudus than for the impalas and goats.

The leaves of the thorny plants were rich in nutrients, but
due to the low rate of food intake the rate of ingestion of
nutrients Erom thorny plants was less than that achieved from
less nutrient rich plants with larger lezves. Never the less
the animals fuvouced the small leaved and thorny plants ovecr
many species of large leaved plants offecing a higher rate of
nutrient intake but also a much higher rate of intake of
fibre and digestion-reducing compounds. f{.e. the animals

selected for plant quality rather than gquantity.

Thorns and spines did not deter Feeding by large herbivores;
indeed the leaves of many armed species are favoured by the
animalg, The possession of structural defences does however

confer partial protection on the plant by limiting the bite
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size of the animals to single leaves, so minimising the rate
of foliage loss to herbivores. The combination of sharp
thorns  and small leaves was particularly effective in

minimising the bite size of large herbivores.
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CHAPTER 7.

THE CHEMICAL BASIS OF SPECIES SELECTION BY BROWSING UNGULATES

7.1. INTRODUCTION

Much of the early wock on factors influencing diet selection by
large hecrbivores focused on dJomestic livestock which, with the
exception of goats, are primarily grazers. Studies indicated that
rutinants selected plants for thelr nutritional content, favouring
those species rich in protein and low in Eibre (Beawnont et.al.
1933, Icvines 1955, Cook 1959, Cowlishaw & Alder 1968, Thotnton &
Minsen 1962, Arncld 1964, Burton et,al, 1964, Cangstad 1964, Heady

1964, Fontenot et.al. 1965).

Several studjes have indicated that nutrient content is of
importance in  food selection of wild herbivores including
lagomorphs {Millec 1968), primates (Struhsaker 1975, Casamic 1975,
Chivers 1977, Hladiek 1977, 1978, Wagy & Milton 1979) and
cuminants {Klein 197¢, Belovsky 1978, Leader-Willia- et.al, 1981,
pellew 1982, Vangilder et.al., 1982}. Yet other studies found that
diet selection could not be predicted tor nutritional factors
alone (Cowlishaw & alder 196¢, Bryant & Kuropat 1988, Sinclair

et.al, 1984).

firowse plants, unllke grasses, often contain high levels of

defensive chemicals. Freeland & Janzen {1974) proposed that plant
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species selection may be governed not by selection for nutrients,
but by avoidanve of plant secondary compounds deleterious to the
fitness of th. T“erbivore, Animals have freguently been shown to 1
selest against those plants richest in secondary compounds
{Longhurst et.al. 1968, Radwan 1974, Levin 1976, Magy et.al. 1977,
Swain 1977, 1979, n 1978, Bryant 1980, 1981, Bryant & Kuropat N

1988, Oates et.al. 1986, Pherson 198d).

Pood selection however is most likely to be a complex process 4
invelving the selection of a balanced nutritional intake while at z

the same time avoiding the ingestion of deletiious levels of : i
secondary compounds (Fee'y 1978, Acrnold & Hill 1972, Radwan &
Crouch 1974, Slansky & Feeny 1977, Milton 1979, White & Trudell N
18686, kuropat & Bryant 1988, Glander 1981).

This selection process {s constrained by the sensory
capabilities of the herbivore, Arncld & Hill (1972) demonstrated
that smell and taste were the wmost important senses in food

selection, but sight and touch were also included,

The theory of "Nutritional wisdom" proposes that animals eat
what is good for them since the sensory responses of the animal
have been developed to give it adeguate nutcition (Harborne 1972},
yet it is unlikely that the animal will have an integrated
respense ko complex compounds such as protein {Acnold & Dudzinski
1978}, Little 1s known about the sensory capabilities of
herbivores to detect compounds in their food. Phosphorus deficient

cattle made no attempt to rectify theic deficiency when given a




dicalcium phosphate lick (Cooper et.al. 1976}. This suggests an
inability to detect phosphorus. Yet sheep, elephants (Welr 1972)
and reindeer (Staaland & Jacobsen 1988) will actively seek out

sodium, presumably by its “salty" taste.

Animals yenerally prefer sweet flavours and are deterred by
bitternsss {Bate-Smith 1973) and astringency (Swain 1977). Many
toxins are bitter, while astringency is a property of tannins, A
natursl aversion to bittecness could have been acquired by natural
selection (Garcla & Hawkins 1974}, but some nutritious and well
utilised plants such as Bitterbush, Purshig tzidentata, taste

bitter to humams (Laycock 1978).

Few large herbivores are specialist feeders, but take a
generalised diet including small quantities of a wide vaciety of
plants. This generalised diet is thought to be an adaptation to
the diversity of toxins in browse plants, by reducing the
probability of the animal eating any one toxin in deleterfous

guantities {Freeland & Janzen 1974).

The detoxification of poisons is malnly due to the oxidisation
of these substances by mixed Eunction oxldase enzymes, These
enzymes are common to most forms of life and are readily
inducible  {Brattsen 1979). It has been suggested that the
microflora of ruminants have an important role in det tfying
plant secondacy chemicals and even that the rapid radiation of

ruminants after the rise of the angiosperms in the paleocene is a




result of predigestive detoxification by the rumenflora rendering
potentially toxic cowmpounds less harmful to the herbivore (Swain

15977, Foose & Lloyd 1974).

The possession of appropriate detoxification mechanisms may be
a function of exposure, Thus grazecs may be less well adapted to
cop. with the secondary chemicals present in browse. There ace
mapy records of browsecs eating significant quantities of plants
toxic to stock (Brynacd & Plenaar 196¢, Massay 1967, Goddard

1978).

In a similac mannec it may be expected that allen herbiveces
may be more sensitive to the secondary chemicals in the plants

than animals which have co-evolved with the vegetation.

7.2, METHODS

The acceptance of plant species by kudus, impalag and goats (see
Chapter 5) was statistically compared with the concentrations of:—
i, Macconutrients - nitrogen, phosphocus, potassium, calcium,
magnesium and sodium, and moistuce contents,

i{. Pibre - neutral Geterent Eibre, neutral detergent fibre minus
acid detecent fibre, acid detecgent f£ibre and its components acid
detergent 1lignin and acid deteryent £ibre minus acid detergent
lignin,

iii, pigestion-reducing compounds ~ enzyme-inhibiting polyphenocls,

condensed tannins and ether-extractable materials.
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digestion-reducing compounds act in a dosage dependent manner.
Toxic secondary compounds act in a gualitative way and are present
in minute quantities, therefore only the presence or absence of
alkaloigds, cyanogenic glycosides, mono— and sesqui- terpenes and

saponins was measuced.

Analysis of soluble carbohydrates 1is both costly and time
consuming. Concentrations within plant leaves vary greatly with
photosynthetic rate (Mooney 1972) and it is unlikely that the
animals can have an integrated cesponse to "soluble carbobydrates®
since sweetness 1is dependent upon molecular structure (Arnold &

Hill 1972). Hence no analysis of soluble carbohydrates was done.

Neither were the plants analysed for trace elements.
Facilities for analysis were not readily available and since there
is doubt as to whether animals can detect macronutrients it is
unlikely that concentcations of trace elements in the leaves can

be detected by the haerbivores.

The data were initially examined using techniques of
regression. If a chemical factor influences food choice by
herbivores, there should be a positive correlation between a
measure of its concentcation and & measure of food prefecence,
Conversely 1f a CEactor causes avcidance of the plant species by
hecrbivores then the correlation between its concentration and the

preference of the animal should be negative.
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Linear regressions were performed to test whether the
correlations obtained were significantly @ifferent from chance.
Regression analysis 1is very sensitive to extceme values, In the
presence of extreme values a swarm of data points near the
intercept tends to be treated as a single point (Peters 1983).
Hence extreme values should be rewoved from the regression. The
data often apprared to fall into groups rather than fitting a
1inear cegression. Differences between these groups were compared
by the randomisation test (Selgel 1956). This is a powerful test
of location but can only be uged when swmple sizes are small and
confidence can be placed in the numerical nature of the

measurements obtained (Seigel 1956).

The chemical data were tested For skewness and kurtosis by ihe
S8AS statistical package (Means Procedure). Since the data proved

to be of fairly norma) distribution they wece not transformed.




7.3. RESULTS

1. Nutrients

A, Woody Plants

a. Niteogen

i. Kudus

There was no significant correlation between the acceptance of
woody plants by the kudus, and the nitrogen content of the leaves,
except in the early growing season when a significant positive

correlation was evident (Fig 7.1.1.).

This cocrelation was speilt in the late growing and early dry
seasons by the high acceptance of V. rehmannii, which is of fairly
low nitrogen content, Howaver, on average the preferred plant
species in these two seasons wece of significantly higher nitrogen
content than the less preferred species (Table 7.1.}. In the late
dry season thece was an increase in the acceptance of most plant
spacies retaining some leaves, including those species of low

nitrogen content such as C. molle, T, secfcea and the evergreens,

ii. Impalas

The acceptance of woody plants by impalas vas not significantly
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